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AEO
API
ASTM
BAU
bbl
bbl/cd
Bcf
Btu
BTX
BPSD
CAAA
CARB
CD
CG
Cn

CTL
DOE
EIA
EOR
EPA
ETBE
FCC
GWh
GTL
IEA
IEO
KWh
LP

LPG
Mbbl/cd
Mbtu
Mcf
MMbbl/cd
MMbtu Million
MTBE
NACOD
NEMS
NES
NGL
NIPER
NOx
NPC
NPRA
OB1
OML
ORNL

Acronyms and Abbreviations

EIA Annual Energy Outlook

American Petroleum Institute

American Society of Testing Materials
Business As Usual

Barrel

Barrels Per Calendar Day

Billion cubic feet

British thermal unit

Benzene, Toluene, and Xylene Aromatics
Barrels Per Stream Day

Clean Air Act Amendments
Cdlifornia Air Resources Board

Census Division

Conventional Gasoline

Represents ahydrocarbon stream containing n atoms of Carbon, i.e. ClisMethane, C2is
Ethane, C3 is Propane, C4 is Butane, etc.
Coa-To-Liquids (Converting coa through syngas to diesel-grade blending streams)
Department of Energy

Energy Information Administration
Enhanced Oil Recovery

Environmental Protection Agency

Ethyl Tertiary Butyl Ether

Fluid Catalytic Cracker

Gigawatthour

Gas-To-Liquids (Converting natural gasthrough syngasto diesal-grade blending streams)
International Energy Agency

EIA International Energy Outlook
Kilowatthour

Linear Programming

Liguefied Petroleum Gas

Thousand Barrels Per Calendar Day
Thousand British Thermal Units
Thousand cubic feet

Million Barrels Per Calendar Day

British Thermal Units

Methyl Tertiary Butyl Ether

North American Crude Oil Distribution
National Energy Modeling System
National Energy Strategy

Natural Gas Liquid

National Institute for Petroleum and Energy Research
Nitrogen Oxide

Nationa Petroleum Council

National Petroleum Refiners Association
Optimization with Barriers 1
Optimization and Modeling Libraries
Oak Ridge National Laboratory
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ovcC
PADD
PCF
PMM
RFG
RFS
RVP
RYM
SCF
SIC
SPR

Syngas

TAP
ULSD
vVOC
WOP
WORLD

Other Variable Costs

Petroleum Administration for Defense Digtrict

Petrochemical Feed

Petroleum Market Model

Reformulated Gasoline

Renewable Fuels Standard (optional for regulatory analysis purposes)
Reid Vapor Pressure

Refinery Yield Moddl (EIA)

Standard Cubic Feet

Standard Industrial Classification

Strategic Petroleum Reserve

Gaseous products from hydrocarbons (e.g., natural gas, petroleum coke, or coal) reacting
with steam/O,, mostly consisting of CO and H,

Toxic Air Pollutant

Ultra-Low-Sulfur Diesel

Volatile Organic Compound

World Oil Price

World Qil Refining Logistics Demand (mode!)
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APPENDIX B. Mathematical Description of Model

Each refiner istrying to minimize the cost of meeting demands. Therefore, the market moves toward
lower-cost refiners who have access to crude oil and markets. A key premiseis that the selection of crude
ails, refinery process utilization, and logistics will adjust to minimize the overal cost of supplying the
market with petroleum products.

In order to generate refined product prices, the PMM contains a static linear programming (LP) model of
the U.S. petroleum refining and marketing system that meets demand for refined products while
minimizing costs. The PMM, like the other NEMS modés, iswritten in FORTRAN. The software
includes the Optimization Modeling Library or OML, a set of FORTRAN callable subroutines. The LP
portion of the PMM is a complete problem matrix prepared prior to NEMS processing. The LPremainsin
fast memory throughout the NEM S run, thereby avoiding many disk 1/0O operations.

It is necessary to view the PMM in the context of the NEMS program to understand its function. For each
cycle, the main NEM S model calls the demand models to cal culate energy demands. Each supply model is
then called to caculate energy prices. When the prices and demands converge to within the specified
tolerance, the NEM S iteration is complete and the next yearly NEM S cycle begins. If the computed prices
have not converged, new demand quantities are computed, passed to the supply models, and the cycleis
repeated. In the case of the PMM, a supply model, the refined product prices are obtained as the marginal
prices from an optimal solution to the PMM LP. These product prices are sent to the NEM S demand
models. The LP matrix is updated with the new demands for refined products and the cycle continues until
convergenceisreached. The demand level modifications to the PMM LP and the re-optimization of the
LP matrix, which remainsin core memory, are accomplished by executing FORTRAN callable
subroutines.

For AEO2003 the original generation of the PMM matrix is performed using OML* and FORTRAN. OML
(Optimization Modeling Library) is alibrary of FORTRAN callable subroutines for data table

mani pulation, matrix generation, and solution retrieval programs for report writing. The matrix is solved
with the optimizer, C-WHIZ.?

B.1 Mathematical Formulation

The table of column activity definitions and row constraints defined in the PMM matrix incorporate certain
premises which are described in Appendix A. The general structure of the matrix is shown in Table B1.

1K etron Management Science, Inc., Optimization Modeling Library, OML User Manual, (November 1994).
2K etron Management Science, Inc., C-WHIZ Linear Programming Optimizer, User Manual, (July 1994).
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TableB1. PMM Linear Program Structure

PMM Linear Program Overview

Purchases Crude Other
Crude Crude Oil, Distillation Process Capacity Stream Blending Product Product Row RHS
Trans. Other Inputs Unit Expansion Transfers Sales Trans. Type
Operations

Objective -ct -C -0 -0 -i +p -pt NC Max
Crude Oil +1 +1 -1 GE 0

Balance +1 +1 -1

-1 +1

Intermediate +y -1 -1 GE 0

Stream Balance +y -1 +1 -1 -1

+y +1
+y -1
Utilities +1 -u -u 41 GE 0
Policy Constraints +z +Z GE 0
4 -z LE

Environmental +q GE E

Constraints +q LE
Unit Capacities LE K

+1 +1 -1

Quality +q +q -Q GE 0

Specifications LE
Product Sales GE 0

-1 -1 -1
+1 -1

Pipeline/Marine

Capacities +1 41 +1 LE C
Bounds

UplLo/Fix Up/LolFix Up/LolFix
Legend: ¢ = crude cost y=vyield u = utility consumption K = unit capacity 0= operating cost
p = price z=policy ratio q = stream quality ct = crude transportation cost pt = product transportation cost

Q = product specifications

C = pipeline/marine capacity

E = environmental quality limit

i = investment cost
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B.2 Matrix Indices

Severa indices are used in the column and row definitions presented below. The definition of these
indices are shown in Table B2.

Table B2. Index Definitions

ndex Symbol Description

@ Alcohal

(b) Domestic crude oil production region
(© Crude ail type

(d) Marketing region (demand)

(e Emissions source

) Dry gas

(h) Product recipe

() Intermediate stream

() Utility type

(m) Processing mode or shipping mode
() Refined product

(pc) Shipping class

(a) Pricing level

(n Refinery region

(9 Refinery stream

()] Processing unit type

(v) Crude oil source (foreign(F), domestic(D), Alaska(A))
) Product specification quality
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B.3 Column Definitions

TableB3. Column Definitions

Column Notation Description
Badg Volume of alcohol (@) purchased in demand region (d) at price level (g).

At present, this column exists only for ethanal.

Dpgd Sales volume of product (p) in demand region (d); export volume of
product (p) in demand region (d).

Eur Stream day capacity added during this simulated period for processing
unit type (u) in refinery region (r).

Gipr Volume of intermediate stream (i) blended into spec blended product (p)
at refinery region (r).

Honr Volume of product (p) manufactured in refinery region (r) using recipe
(h).

Hond Volume of product (p) made by recipe (h) in demand region (d) by splash
blending.

Hpir Volume of product (p) generated from gas plant stream (i) in refinery
region (r).

Hgir Volume of dry gas (g) generated from gas plant stream (i) in refinery
region (r).

HKWHMCH, Electricity usage at merchant plant in refinery region (r).

HMPRF; Volume of GTL streami transferred from Alaska (merchant plant) to
refinery region (r).

A Volume of distressimport of product (p) into demand region (d) where d
=2,3,7,89.

lorg Volume of refined product (p) imported into refinery region (r) at price
level (Q).

Kur Base processing capacity in processing unit (u) at refinery region (r) in

Mbbl/cd. This column isupper bounded.

Lus Cumulative stream day capacity added for processing unit (u) at refinery
region (r) during the previous simulated periods. This column is fixed.

M; Volume of methanol consumed by the chemical industry in refinery
region (r).
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Column Notation

Mt

NGA g

NZAMHN,
NZAMHP,
N.NGRFN,
N.NGRFP,

Oc,v,b

Py

PI crq

PNGL

Qpr

Rac,v,r

Rc,

Ru,r,m

Tu

Tir
TAAMHXZ
TATOT,
TAGTL

TANSO

Description

Tota volume of U.S. methanol consumption by the chemical industry, an
input.

Alaska natural gas supply curve (steps (q)) used to generate GTL'sfor
transport to refinery region (r).

Volume at price discount g of Alaskan Crude (AMH) exports.
Volume at price increment g of Alaskan Crude (AMH) exports.
Volume at price discount (q) of natural gasin refinery region (r).
Volume at price increment () of natural gasin refinery region (r).

Export volume of crude oil (c) with source code (v) produced in domestic
region (b). At present, only Alaska exports are alowed.

Volume of domestic crude il produced at producing region (b).

Volume of imported crude ail type (c) imported by refinery region (r) at
priceleve (q).

Alaska production of NGL's.
Volume of spec product (p) manufactured in refinery region (r).

Crude oil volume distilled in refinery region (r) from source (v) of crude
oil type (c).

Manufacturing activity level for cogeneration in refinery region (r).

Manufacturing activity level in mode (m) operation in processing unit (u)
at refinery region (r).

Tota volume of imported unfinished oil over all refinery regions.
Volume of unfinished oil component (i) processed in refinery region (r).
Volume of AMH crude transported from Alaskato Valdez.

Volume of crude type (c) produced in Alaska.

Volume of GTL transported from Alaskato Valdez.

Volume of North Slope oil transported from Alaskato Valdez.
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Column Notation

TCBN;

TXSp'r

TXp'p"r

TXs,s‘,r

TX FrT0)ir

UI,r

Vcj

Vcts

\ Cpb,r

Vppr,d,m

thl r,dm

Wa,d,r,m aW ad,d,m

Wa,r,d,m

Wp,r,d,m

Description

Total tax levied on total carbon emissions resulting from refinery
operationsin refinery region (r).

Volume of stream (s) transferred into product (p) in refinery region (r).

Volume of product (p) transferred into product (p') storage in refinery
region (r).

Volume of stream (s) transferred to stream (S) at refinery region (r).

Volume of stream (i) transferred from plant (FR) to plant (TO) in refinery
region (r).

Quantity of utility (I) that is purchased in refinery region (r): (1) = KWH,
STM, and NGF (power, steam, and natural gas fuel) with unitsin
thousands of kWh, Mlbs., and MMcf respectively.

Total dead weight ton capacity of Jones Act crude oil tankers. This
column is constrained to some maximum.

Total dead weight tons of Jones Act product tanker of shipping class (pc).
This column is constrained to some maximum.

Total crude oil transhipped from PAD District 111 to PAD Digtrict Il. This
column is constrained to some maximum. (Not used in 3-region pmm.)
Total crude oil shipped by pipeline from domestic producing region (b) to
refinery region (r). This column is constrained to some maximum.

Total volume of light products (p) shipped via pipeline mode (m) from
refining region (r) to demand region (d). This column is constrained to
some maximum.

Total volume of LPG products (p) shipped via pipeline mode (m) from
refining region (r) to demand region (d). This column is constrained to
some maximum.

Volume of alcohol (&) shipped from demand region (d) to refinery region
(r) <or demand region d> viatransfer mode (m).

Volume of alcohol (a) shipped from refinery region (r) to demand region
(d) viatransfer mode (m).

Volume of product (p) shipped from refinery region (r) to demand region
(d) viatransfer mode (m).
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Column Notation Description

Wo.d.d.m Volume of product (p) transhipped from demand region (d) to demand
region (d") viatransfer mode (m).

WGTL Volume of GTL shipped viatransfer mode (m) to refinery region (r).

Xpd Volume of product (p) exported from demand region (d).

XZp4 Distress volume of product (p) exported from demand region (d).

Y cvbrm Volume of crude ail type (c) with source code (v) shipped from domestic

region (b) to refinery region (r) viatransfer mode (m).

Zt Tota volume of crude oil processed over all refinery regions.

ZETy Total volume of ethanol (from corn and cellulose) supplied from demand
region (d).

ZFLO, Sum of the base, build, and expanded capacity in processing unit (u) at

refinery region (r).

ZOX, Total quantity of percent oxygen-barrelsin reformulated gasoline
produced in refinery region (r).

ZZAMHTOT Export volume of Alaskan Crude Oil.
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B.4 Objective Function

The objective function has been established based on the premise that costs associated with product
imports, non-crude oil inputs, and crude oil supplies are based on a given world oil price. With thisin
mind, the following objective function has been defined for PMM.

Given:
PRp'd

PRAMH
PRAMHP,
PRNGRFN,
TEq

Curm

CAMHXZ
CAMHN,

C.NGRFP,

isthe unit price of product (p) sold in demand region (d). It isthe price associated
with the demand volume for that product in the specified demand region, i.e. itis
associated with D, 4. Similarly, each of the other 'PR' coefficients represents the
unit price of the activity it is associated with.

isthetarget price for Alaskan crude exports.

is the premium added to the Alaskan crude target price.

is the discount from target natural gas fuel pricein refinery region (r).

isthe sum of Federal and State tax credits for use of ethanol in gasoline.

isthe variable cost per unit of column Ry, , i.€. the cost of one unit of
manufacturing activity in mode (m) operation in processing unit (u) at refinery
region (r). Similarly, each of the other 'C' coefficients represents the unit cost of
the activity it is associated with in the objective function as stated below.

isthe cost of transferring Alaskan exportsto Valdez.

is the discount from Alaskan crude target price.

is the premium added to the target natural gas fuel price in refinery region (r).

M aximize the difference between the following sum of product revenues and costs.  Thus the objective
function is represented as the maximization of a quantity defined by the following revenue terms:

Zldzp Dd,p* I:)Rd,p + szhzr Hp,h,r* I:)Rp,h,r + Z:gzizr Hg,i,r* I:)Rg,i,r + Z:pthde,h,d* I:)Rp,h,d

+ %84 Xpd* PRyg + ZpZg XZpd* PRy + Zg ZETg * TEg + ZZAMHTOT * PRAMH

+ 3, NZAMHP, * PRAMHP, + %, £, N,NGRFN, * PRNGRFN, + %, R¢, *PR,

minus the following cost terms:
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22d2q Badq* Cadg + ZpZiZq lpra* Corg + ZpZd 12pd* Cpa + Zp Po* Cp + ZZZq Picrg*Cerg
+ 35 TG+ Z2 U *C + 2220 Ryrm* Curm + 20 By *Cup + 202 Ly Cyp +

+ 26 20 2 2 Wagrm® Cadrm + ZpZiZaZm Wpram* Coram T Zp2aZdZm Wpd.dm* Coddm

+ 2 2ZpZZm Yevprm® Covorm + 2 TCBN, + 2,24 N(NGRFP, * C,NGRFP,

+ 23 NZAMHNg * CAMHNg + TAAMHXZ * CAMHXZ

+ 3, M, *C, + S58, Hoir * Coir + 5% Txerronr * Certois + = HKWHMCH, * G,

+ 2 ZgNGA *C, g+ PNGL *C + TAGTL *C + TANSO *C + 2.2, WGTLy, * Ciny

Note: (1) 22 Zm Rurm* Curm termis represented in the matrix as T(r)OVCOBJ + T(r)GPLOVC +
T(NMCHOVC as represented by rows PIr)OV C, G(r)OVC, H(r)OVC, respectively.
(2 ZZZAMHTOT=TAAMHXZ as defined by row CZAMH.
(3) Row P(r)CBNTAX isused to set TCBN, regional totals for tax on carbon emissions.
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B.5 Row Constraints

1. Theimplicit world ail price, WOP (the refiner's acquisition cost of imported crude oil), must be at |east
some fraction of premised WOP:

55 % Picsg*Corg- WOP* Nwop* Zt > 0

where:

PI crq

Cc,r,q
WOP

Nwop

Zt

the volume of imported crude oil acquired by refinery region (r) of crude type (c)
at price level (g). The volume of each crude type (c) is upper bounded by each
step of the supply curve.

iscrude oil cost applicableto Pi¢,q. $/bbl

is the premised World Qil Price. $/bbl

is minimum fraction of the WOP by which refiners must acquire crude oils by
volume weighted average; of course Nwop < 1.

istotal processed foreign crude ail over al refinery regions.

I.e., the average refiner acquisition cost of crude oil will be at least some input
fraction of WOP.

Note: The index (v) denoting crude oil sourceisaways"F" for imported crude.
Therefore, no summation on (v) occurs for Pic, .

2. Theimplicit world oil price, WOP (the refiner's acquisition cost of imported crude oil), must not be
greater than some fraction of premised WOP:

35S Picsg* Corg- WOP* Xwop* Zt < 0

where:

Xwop

is the maximum fraction of the WOP by which refiners must acquire crude oils by
volume weighted average, of course Xwop > 1.

|.e., the average refinery acquisition cost of crude oil must not exceed some input
fraction of WOP.

Note: This constraint in conjunction with the previous constraint confines the
imported crude oil volumes so that their composite unit cost is close to the WOP.
Since the costs of the five types of imported crude oil bracket the WOP, thereisa
continuum of import possibilities. Of course the crude oils vary in cost according
to crude quality and transportation cost. However, to avoid infeasibilities due to
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an overly restrictive constraint, it is presently the practice to allow avariation of
50 cents per barrel. Thisis also made necessary when maximum import
restrictions are placed on al but a"swing" crude oil. Clearly, if thetoleranceis
sufficiently relaxed, a single crude type could be imported rather than a
reasonably balanced mix.

3. Calculate total foreign crude oil processed by summing all crude oil volumes processed over all refinery
regions.

22 Rage, - Zt = 0
where;

Ra k., isthe crude oil volume distilled in refinery region (r) from foreign source (F) of
crude ail type (c).

I.e. thetotal U.S. refined foreign crude oil volume equals the sum of al foreign
crude ails refined over all regions.

4. Place an upper bound on product import volume:

55 g lprg < IPMax

where:
lorg is the volume of product (p) imported into refinery region (r) at cost level (q).
I pmax is the maximum assumed volume of imported products allowed into the United

States, an input value.

I.e., the sum of product volumes imported at all price levels over al refinery
regions must not exceed some maximum.

5. Assure that the volumes of methanol consumed in each refinery region sum to the assumed total volume.

XM, -Mt = 0

where:

M; is methanol consumed by the chemical industry in refinery region (r).
Mt istotal U.S. methanol consumption by the chemical industry, an input.

I.e., methanol consumed by the chemical industry in each refinery region must
sum to the projected chemical industry total.

Note: The PMM models domestic methanol production aggregated to the refinery
region level as though the plants were processing unitsintegral to the refinery.
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The methanol production is allocated to two demands: chemical industry demand
and transportation sector demand.

6. Limit capital investment for refinery expansion in each refinery region:

S E A < Emax, Y or

where:

Er . is a capacity addition for this operating year for processing unit type (u) in refinery
region (r).

Ay is the capital investment required per unit of capacity for processing unit type (u)
in refinery region (r), million dollars per Mbbl/d.

Emax; isthe upper limit on capital expendituresin refinery region (r), an input. SMM

I.e., total capital expenditures are limited for each refinery region. This limit
alows the user to place limits on expansion for a given scenario. The default
values are large such that they are not constraining, except in PADD | (refinery
region E) where alimit of $500 million dollarsisthe default. Thisvalueis based
on analyst judgement to reflect the low expectation of refinery expansion on the
East Coast. (Region B limit is $29,000 million, region W limit is $19,000
million.)

Note: For NEMS production runs, this constraint has not been operative except
for PAD Didtrict I. The assumption has been that the lack of environmental
waivers and permits will preclude capacity additionsin this region.

7. Limit total U.S. refinery capital investment:

ZX0E AL < Emax

where:

Emax is the upper limit on capital investment over al refinery regions, an input. SMM
|.e., total capital expenditures are constrained to some maximum. This limit
allows the user to place limits on expansion for dl regionsin the United States.
The default value is $50 billion and is not constraining.

Note: This constraint has been used to determine maximum product import needs
by setting Emax to zero. It has not been operative in any production runs thus far.
However, like the previous row, it is a potentia policy exploration handle. For

instance, one could hypothesize that in a capital-short domestic environment, total
industry investment is limited.
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8. Limit the volume of unfinished oil processed in U.S. refineries:

355 Ragyy - BL* Tu > BO

where:

Racy, isthe crude oil volume distilled in refinery region (r) from source (v) of crude ail
type ().

Tu istotal processed unfinished oil over al refinery regions.

B0O,B1 are regression equation coefficients (see Appendix A). BO=11,674.3, B1 =
4.087.

I.e., the maximum allowable unfinished oil processed is alinear function of total
crude oil processed.

9. Limit the volume of each unfinished oil component processed in each refinery region:

Ai'r*TU - Ti,r > 0 Yo,

where:
Tir is the volume of unfinished oil component (i) processed in refinery region (r).
Ai isthe fraction of component (i) of total unfinished oil that is processed in refinery

region (r), aninput (£, A, = 1.0).

|.e., the volume distribution of each type of unfinished oil processed at each
refinery region is constrained to the historical pattern.

Note: No unfinished oil processing in PADD 5 (refinery region W).
10. Balance by volume, at the demand regions, each alcohol purchased by the petroleum industry and
domestic methanol shipped in from the refinery regions against alcohol blended by recipe in the demand
region and alcohol shipped out of the demand region:

z‘4q Ba,d,q + z‘4r2m Wa,r,d,m + z‘4d'zm Wa,d',d,m - z‘4p Hp,a,d*Ap,a
- z:rzm Wa,d,r,m - z:d'zm Wad,d‘,m =0 v a, d

where:
ach sothat aisasubset of al recipe blends (h) and in fact, a= ETH and MET.

Badgq is the volume of acohol (a) purchased in demand region (d) at price level (q). At
present, this column exists only for ethanal.
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Wa,r,d,m

Wa,d',d,m

Hpad

Wa,d,r,m

Wa,d,d',m

is the volume of alcohol (a) received in demand region (d) from refinery region (r)
via shipping mode (m). This column exists only for methanol.

isthe volume of alcohol (a) received in demand region (d) from demand region
(d") via shipping mode (m). This column exists only for ethanal.

is the volume of recipe product (p) manufactured by alcohol blend recipe (a)
consumed in demand region (d).

is the volume fraction of recipe product (p) represented by acohol (a), an input.

is the volume of alcohol (a) shipped from demand region (d) to refinery region (r)
viamode (m). Thiscolumnisvalid only for ethanol.

is the volume of alcohol (a) shipped from demand region (d) to demand region (d')
viamode (m). Thiscolumnisvalid only for ethanal.

I.e., in each demand region, al acohol that is purchased or produced and shipped
in from the refinery regions must be either splash blended into or shipped to a
refining center.

Note: It isassumed that al ethanol purchases are made in the demand regions.
Thus, ethanol needed by the refinery for processing or blending must be shipped
from the demand regions.

11. For those products which are not blended by recipe at the demand regions, for each demand region,
and for each product: imports plus what is received via domestic shipment must equal the volume blended
into recipes plus regular sales volume (local and exports):

Ip,d + z:rzm Wp,r,d,m + z:h Hp,h,d - z:p'zh Hp‘,h,d*Ap',h - Xp,d - Dp,d =0 v da p

where:

lpa is volume of product (p) imported into demand region (d).

Wor.dm is product (p) received in demand region (d) from refinery region (r) viatransfer
mode (m).

Xpd isvolume of product (p) exported from demand region (d).

Hond isvolume of product (p) manufactured by recipe (h) at demand region (d).

Hy ha isvolume of product (p") manufactured by recipe (h) at demand region (d). This
column exists only when product (p) is consumed to produce product (p') by a
recipe blended at the demand region, i.e. splash blended at the terminals.

Agn is the volume fraction of product (p") represented by product (p), consumed by

recipe (h), an input.
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Dpd isasales volume (local and export demand) of product (p) in demand region (d),
this activity isfixed at the last NEMS iterative demand value; i.e., it does not
influence the cost decision in the solution.
|.e., in each demand region, for each product, a balance is made whereby the
volume imported and the volume shipped in from the refinery regions must equal
the volume splash blended at the terminal plus straight sales volume.

12. Balance, at each demand region, the volumes for each of the recipe products M85 and E85 - the

products which are blended at the demand terminals - so that manufactured volume plus imports equals the
recipe sales volume for these terminal splash blended recipes.

Zh Hp',h,d + Ip‘,d - Dp‘,d =0 \v4 p‘, d
where:
p'ep sothat p'isasubset of all productsand in fact, p' = E85 and M85.

Hy ha is volume of recipe product (p') made by recipe (h), produced at demand region
(d) by splash blending.

lg.a isvolume of product (p') imported into demand region (d).

Dy isthe sales volume of product (p') in demand region (d).
I.e., for each demand region, all M85 and E85 blended at the terminals plus M85
and E85 imported into the demand region must equal sales of the corresponding

products.

13. For Census Divisions (demand regions) 5 and 6, balance the volume of each product that is shipped
into the demand region with volume shipped out of the demand region:

Z:r Z:m Wp,r,d‘,m + z:dzm Wp,d,d‘,m - z:dzm Wp,d‘,d,m =0 v dly p

where:

ded andinfact, d = Census Divisions 5 (South Atlantic) and 6 (South Central).

W.r.a.m isVvolume of product (p) received by demand region (d') from refinery region (r) via
pipeline (P/L) mode (m). These columns are generated only for the pipeline shipping
mode when (d") is CD 6.

Wp.a,a.m IS volume of product (p) received in demand region (d') via transhipment from demand

region (d) by mode (m), e.g. from6to 5 or from5to 2. For these columns, d' = d isnot
alowed.
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Wp.a.am IS volume of product (p) transhipped from demand region (d') to demand region (d) by
mode (m). However, for these columns, d' = d is allowed; in this case the activity
represents P/L sales

I.e., pipeline product received in CD 5 or CD 6 must balance P/L product sales
and transhipments.

Note: CD 5 and CD 2 (Mid Atlantic) receive much of their product volumes via
pipeline (P/L) originating in PAD Digtrict I1l. Thus PAD District Il production
which is transported via P/L is split into one activity representing P/L product
whichissoldin CD 6 and ancther activity which is product transhipped through
CD 6into CD 5. Similarly, thislatter component is split into two column
activities, one which represents P/L product salesin CD 5, and another which
represents product transhipped through CD 5to CD 2.

14. Balance the domestic production of each crude type at each producing region (b) against shipmentsto
domestic refineries (r) and exports:

Lower 48 regions (all crude types) and Alaska crude type ALL :
Po*Acvb - ZZm Yevorm -Ocvp = 0V b,c,v (currently, O¢yp = 0)

Alaska crude type AMH only (takes into account gain due to mixing of GTL's during transport from N.
Slope, and exports to both Japan and Canada) :

Po*Acyp + GTLLOS*TAGTLTOT - %% Yevbrm - Ocwn- TARAMHXZ = 0V b, c v

where:

Py istotal volume of domestic crude oil produced at producing region (b).
NOTE: for Alaska, Py*Acyp = TATOT,

Acvp isthe fraction by volume of P, that is crude type (c) with source code (v), an
input.

Y cvorm isvolume of crude ail type (c) with source code (v) produced in domestic region
(b) that is shipped to refinery region (r) viamode (m).

Ocvp is the export volume of crude oil (¢) with source code (v) produced in domestic
region (b). At present, only Alaska crude exports are allowed (but setto 0 in
code).

TAGTLTOT istota volume of GTL transported in Alaskato Vadez.

GTLLOS percent of GTL lost due to mixing with AK oil during transport in Alaskato
Valdez.
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TAAMHXZ

NOTE:

istotal volume of AMH crude transferred from Alaskato Vadez. Only used with
Alaska production region (A) row constraint.
(Note: TAAMHXZ = ZZAMHTOT as defined by row constraint CZAMH.)

for Alaska, Py*Acyp = TATOT,

I.e, for each production region and crude oil type, domestic production must be
balanced against exports and shipments to refinery regions.

15. Limit shipments of crude oil on Jones Act marine tankers:

Z:czvzbzrzm‘ Yc,v,b,r,m'*Ac - ch =0

where;

m' e m m'isthe set of shipping modes that correspond to Jones Act crude oil tankers.

Yc,v,b,r,m‘

Ac

Vi

isvolume of crude ail type (c) with source code (v) produced in domestic region
(b) that is shipped to refinery region (r) viamode (m’).

is dead weight tons per barrel of crude oil of type (c), about 0.1344.

istotal dead weight tons of Jones Act crude oil. This column is constrained to
some maximum.

I.e., total Jones act crude oil shipments are limited by the existing fleet.

Note: This constraint is stated in the form 'X - MAX = 0" with bounds on MAX
rather than in the form "X < MAX' (which is more straight forward from a
mathematical standpoint) because this allows the analyst to add a minimum
constraint or change over to afixed constraint within the FORTRAN code without
aregeneration of the MPSfile. Thusit isan artifice of convenience.

16. Limit shipments of refined product (and GTL) on Jones Act marine tankers by product class (clean,

dirty...):

202 ZgZm Wy am*Ap + ZpZZeZm Weriarm™Act - Ve = 0V product class (pc)

where;

m' e m m'isthe set of shipping modes that correspond to Jones Act product tankers carrying
product class (pc).

pep

Wp‘,r,d,m‘

p'isthe set of products which correspond to the product class (pc) of the
particular constraint row.

isvolume of product (p') shipped from refinery region (r) to demand region (d) via
mode (M.
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WGTL,A,r,m‘

AGTL

is dead weight tons per barrel of product (p’), an input.

isvolume of product GTL shipped from Alaskato refinery region (r) viamode
(m).

is dead weight tons per barrel of GTL, an input.

istotal dead weight tons of Jones Act product of a shipping class (pc). This
column is constrained to some maximum.

I.e., Jones Act product shipment volume is limited by tanker availability.

17. Allow and limit transhipments of crude oil from the Gulf Coast to the PAD District 1l refining region

ZVZC YC,V,G,C,m -Vets= 0

where;

Yc,v,G,C,m

Vcts

isvolume of crude ail type (c) with source code (V) that is transhipped from the
PAD Digtrict Il (code=G) refinery region to the PAD Disgtrict Il (code=C) refinery
region.

istotal crude oil transhipped from PAD District |11 to PAD District II. This
column is constrained to some maximum

I.e., the volume of crude oil shipped from the Gulf Coast to PAD District |1
refineriesis limited.

Note: Not used in latest 3-region version of PMM.

18. For each domestic crude oil producing region and refinery region (r) allowable combination, alow and
limit pipeline shipments of crude oil:

ZZm Yc,v,b,r,m - chb,r =0 A b, r

where;

Yc,v,b,r,m

\ Cpb,r

isvolume of crude ail type () that is shipped from domestic producing region (b)
to refinery region (r) via pipeline mode (m).

istotal crude oil shipped by pipeline from domestic producing region (b) to
refinery region (r). This column is constrained to some maximum.

I.e., limit the crude oil volume shipped by pipeline from each applicable
producing region//refinery region pair.
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19. For each refinery/demand region applicable combination, limit pipeline shipments of light products to

available capacity:

2022 Wy dm-VPPrgm = 0V r,d,m

where:

1

pep

Wp‘,r,d,m

Vppr,d,m

p'isthe set of light products which can be shipped from refinery region (r) to
demand region (d) via pipeline mode (m).

is volume of product (p') shipped from refinery region (r) to demand region (d) via
pipeline mode (m).

istotal volume of light products (p') shipped via pipeline mode (m) from refining
region (r) to demand region (d). This column is constrained to some maximum.

I.e., the volume of light products that can be shipped by pipeline from each
refinery region to each demand region is limited by the available pipeline
capacity.

Note: Specia casesexist for transfer from CD6 to CD5, from CD5 to CD2, from
CD6 to CD6 (P/L sdes), and from CD5 to CD5 (P/L sales).

20. For each refinery/demand region applicable combination, limit pipeline shipments of liquid petroleum
gas and PCF volumesto available LPG pipeline capacity:

Zp-ZerZm Wp‘,r,d,m - thl rdm — 0 Yo, d, m

where;

pep

Wp‘,r,d,m

p'isthe set of LPG and PCF products which can be shipped from refinery region
(r) to demand region (d) via pipeline mode (m).

isvolume of LPG and PCF product (p') shipped from refinery region (r) to
demand region (d) via pipeline mode (m).

Vipl, gmistota volume of LPG and PCF products (p') shipped via pipeline mode (m) from refining

region (r) to demand region (d). This column is constrained to some maximum.

I.e., the volume of LPG products that can be shipped by pipdine from each
refinery region to each demand region is limited by the available pipeline
capacity.

Note: Special case exists for transfer from CD6 to CD5.

21. Refinery 'policy' table entries are adhered to:

ZZmRuyrm® Aeurm- Aer* ZFLOy <,2,=0 V gr
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where;

Rurm is the manufacturing activity level in mode (m) operation in processing unit (u) at
refinery region (r).

Acurm is the coefficient entered into the processing unit (u) table for refinery region (r) in
the operating mode (m) column at policy row (€), an input.

Aer isthe fractional amount of total capacity value entered in the policy table in row
(e) for refinery region (r), an input, i.e., constraints may be introduced by the
analyst viathe "policy" rows.

Note: The type of row (<,>,=) is determined by the entry in column heading
TY PE of the policy table (r)POL where A,,, appears. It may aso be anon-
constraining row, in which case the row isfree. The total processing unit
throughput is the base for the policy limits in each refinery region:

ZrFI—Ou - Ku,r - Au,r* (Lu,r + Eu,r) =0 v r,u

where:

ZFLO, is the sum of the base, build, and expanded capacity in processing unit (u) at
refinery region (r).

Kur is the base processing capacity in processing unit (u) at refinery region (r) in
Mbbl/cd. This column isupper bounded rather than fixed.

Aur isthe stream factor for processing unit (u) at refinery region (r) defined astheratio
of calendar day capacity to stream day capacity.

Ly is the cumulative stream day capacity added for processing unit (u) at refinery
region (r) during the previous simulated periods. This column is, of course, fixed.

Eur isthe stream day capacity added during this simulated period for processing unit

(u) at refinery region (r). Thiscolumn is generally upper bounded.

22. For each applicable combination of domestic crude oil and refinery region, balance shipments received
directly from the producing region plus transhipments received from other refinery regions against crude
oil consumed at the refinery and crude that is transhipped to other refinery regions.

szm Yc,v,b,r,m + z:r'zm Yc,v,r',r,m - Z:r‘zm Yc,v,r,r‘,m - Rac,v,r =0 v C Vv, r
where:
Y cvbrm isvolume of crude ail type (c) with source code (v) produced in domestic region

(b) that is shipped to refinery region (r) viamode (m).
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Yc,v,r',r,m

Yc,v,r,r',m

Rag.,

is volume of domestic crude ail type (c) with source code (v) that is received at
refinery region (r) by transhipment through refinery region (r') viamaode (m). (Not
applicablein 3-region model.)

is volume of domestic crude ail type (c) with source code (V) that is transhipped
through refinery region (r) to refinery region (r') viamode (m). (Not applicablein
3-region model.)

is volume of domestic crude ail type (c) with source code (V) that is processed
through the atmospheric tower at refinery region (r).

I.e., for each domestic crude oil at each refinery region, the volume consumed at
the refinery plus what is shipped out of the refinery region must equal what is
shipped into the refinery region.

23. For each applicable combination of imported crude oil and refinery region, balance imports received
directly plusimports transhipments received from other refinery regions against crude oil consumed at the
refinery and crude that is transhipped to other refinery regions:

Z:q I:)ic,r,q + z:r'zm Yc,F,r',r,m - Z:r‘zm Yc,F,r,r',m - Rac,F,r - OSPR =0 v Cr

where:

PI crq

Yc,F,r',r,m

Yc,F,r,r',m

Rack,

Oser

is the quantity of imported crude oil acquired by refinery region (r) of crude type
(c) at pricelevd (q).

is volume of imported crude ail type (c) that is received at refinery region (r) by
transhipment from refinery region (r') viamode (m). (Not applicablein 3-region
model.)

is volume of imported crude ail type (c) that is transhipped from refinery region
(r) to refinery region (r') viamode (m). (Not applicable in 3-region model.)

is volume of imported crude ail type (c) that is processed through the atmospheric
tower at refinery region (r).

volume of imported oil moved to the Strategic Petroleum Reserve in PADD i1
|.e., each imported crude oil must be balanced at each refinery by matching

imports and what is received through transhipment against refinery consumption
and what is transhipped to other refineries or to the SPR.

24. Balance each product at each refinery region:

Qp,r + Z:in,i,r + z:q Ip,r,q + Z:p‘ TXs,p,r - z:uzm Ru,r,m*Ap,u,r,m

'Zmzd Wp,r,d,m =0 v p,r
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where:

Qpr

Hp,i,r

Ip,r,q

TXspr

RU,I’,I’T]

Ap,u.r,m

Wp,r,d,m

is volume of spec product (p) manufactured in refinery region (r). When product
(p) isaspec product, column Hy,, does not exist.

isvolume of product (p) generated from gas plant stream (i) in refinery region (r).
(Alsoincludes Hpp.)When this column is active for product (p), column Qp, does
not exist.

isvolume of refined product (p) imported into refinery region (r) at price level (q).
is the volume of stream (s) transferred into product (p) in refinery region (r).

is the manufacturing activity level in mode (m) operation in processing unit (u) at
refinery region (r). (Applicable to product N6l and N6B only.)

is the volume fraction of manufacturing activity level in mode (m) operation in
processing unit (u) which defines the volume of product (p) produced (or
consumed if the sign is negative) per unit of manufacturing activity level in
refinery region (r).

is the volume of product (p) shipped from refinery region (r) to demand region (d)
viamode (m).

I.e., for each product at each refinery, the volume manufactured plus volume
imported plus volume transferred from another higher quality product must equal
to the volume transferred to other lower quality products plus the amount
consumed by recipe plus the volume shipped to market.

25. Balance each utility at each refinery region:

UI,r + z‘4uzm Ru,r,m*AI,u,r,m - z‘4p Qp,r*AI,p,r - szh Hp,h,r*AI,h,r = 0 v r, I

where;

UI,r

RU,I’,I’T]

AI,u,r,m

isthe quantity of utility (I) that is purchased in refinery region (r). Of course () =
KWH, STM, and NGF (power, steam, and natural gas fuel) with unitsin
thousands of kWh, Ibs., and Mcf respectively.

is the manufacturing activity level in mode (m) operation in processing unit (u) at
refinery region (r).

is the quantity of utility (I) consumed (-) or manufactured (+) per unit of operation
of processing unit (u) in mode (m) in refinery region (r). The (u) index includes
the utility manufacturing units.

Energy Information Administration
NEM S Petroleum Market M odel Documentation PageB - 22



is the volume of spec product (p) manufactured at refinery region (r). This
column exists only when product (p) is a spec blend.

is the quantity of utility (I) consumed per unit of spec product (p) manufactured at
refinery region (r).

is the volume of product (p) manufactured by recipe blend (h) at refinery region
(). This column exists only when product (p) is a spec blend.

is the quantity of utility (I) consumed per unit of recipe product (h) manufactured
at refinery region (r).

I.e., for each utility at each refinery region, the quantity purchased plus the
amount manufactured must equal the consumption.

26. Constrain each processing unit throughput to maximum capacity at each refinery region:

Z:m Ru,r,m - Ku,r - Au,r*(l—u,r + Eu,r) =0 v ru

where:

Ru,r,m

Ku,r

is the manufacturing activity level in mode (m) operation in processing unit (u) at
refinery region (r).

is the base processing capacity in processing unit (u) at refinery region (r) in
Mbbl/cd. Thiscolumn is upper bounded rather than fixed. See note below.

isthe stream factor for processing unit (u) at refinery region (r) defined astheratio
of calendar day capacity to stream day capacity.

is the cumulative stream day capacity added for processing unit (u) at refinery
region (r) during the previous simulated periods. This column is, of course, fixed.

isthe stream day capacity added during this simulated period for processing unit
(u) at refinery region (r). Thiscolumn is generally upper bounded.

l.e., the activity of a particular processing unit must be limited to the maximum
operating capacity.

Note: By making this row fixed with the base capacity upper bounded, the
processing throughput is calculated as K, + A, * (L, + Eyr). Of course, ina
model lacking capacity expansion capability, the capacity constraint row is
commonly constructed as throughput and is equal to or less than aright-hand-side
capacity value so that the throughput is merely the row activity.

27. Balance each intermediate refinery stream at each refinery region:

z‘4uzm Ru,r,m*Ai,u,r,m + z‘43 (szi,r - Txi,sr) - z‘4p Gi,p,r - szh Hp,i,r*Ai,h = O A4 i! r
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where:
ies i.e., the intermediate streams are a subset of all refinery streams.

Rurm is the manufacturing activity level in mode (m) operation in processing unit (u) at
refinery region (r).

Aiurm isthe volume fraction of intermediate stream (i) created (or consumed if the sign
is negative) per unit of manufacturing activity level in mode (m) operation for
processing unit (u) at refinery region (r).

TXsjir isthe volume of stream (s) transferred to intermediate stream (i) at refinery region
(r).

TXisr is the volume of intermediate stream (i) transferred to stream (s) at refinery region
().

Gipr is the volume of intermediate stream (i) blended into spec blended product (p) at

refinery region (r).

Hpir isvolume of product (p) generated from gas plant stream (i) in refinery region (r).
(Alsoincludes Hpp,.)

Ain is the volume fraction of product (p) for which intermediate stream (i) is
consumed (per unit volume of product manufactured) according to recipe (h) at
refinery region (r).

|.e., at each refinery region, each intermediate stream must be volume balanced so
that the amount manufactured plus the amount transferred from higher quality
streams must equal the volumes consumed by manufacturing processes, the
amount that may be transferred to other lower quality streams plus the volumes
blended into spec and recipe products.

28. Constrain qualities of spec blended products:

% Gi,p,r*Ay,i,p - Qp,r*Ay,p,r <2,=0 v oy,.p.r

where:

Gipr is the volume of intermediate stream (i) blended into spec-blended product (p) at
refinery region (r).

Ayip isthe blend value of spec blend property (y) for spec product (p) of stream (i).

Qo isthe total volume of spec-blended product (p) manufactured at refinery region

(n).
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Ay,p,r

isthe constraining value of property (y) that spec product (p) must adhere to; e.g.,
an octane number, at refinery region (r).

Note: The row type varies depending upon whether the blend specification
quality is a maximum, minimum, or fixed value.

i.e., for each spec for each product at each refinery region, the aggregate spec
value of the product determined by volume weighting the spec properties of the
consumed blending stocks must not violate the specification limit.

29. Balance blending rows with specific blended products:

2 Gi,p,r - Zp- Qp‘,r =0 Y o pr

where;

Gi,p,r

Qp‘,r

isonly TRG, RFG, N6I, N6B, DSL, DSU, N2H, and JTA.

for p=TRG, p'=TRG, TRH, SST, SSE;
for p=RFG, p'=RFG, RFH, SSR;
for remaining products (p), p'=p only (i.e., for JTA, p'=JTA only).

is the volume of intermediate stream (i) blended into spec-blended product (p) at
refinery region (r).

isthe total volume of spec-blended product (p) manufactured at refinery region
(r).

30. Sum oxygen percentage contribution by oxygenates blended to reformulated gasoline

* * * * *
Z‘4OX GOX,RFG,r I:)()OX + Z‘4d€ rH ETH,RFG,d I:)OETH I:ETHRFG + Z‘4d€ rH ETH,RFH,d POEFH FEFHRFH -

ZOX,=0

where;

GOX,RFG,r

POOX

HerHRFG.d

I:>OETH

I:ETHRFG

vor

isthe volume of oxygenate stream (OX) blended to RFG in region (r).

is the percentage oxygen in oxygenate stream (OX). Thisgroup includes MTBE,
TAM, and THM from methanol and ETBE, TAE, and THE from ethanol. Also
included is the ethanol splash blended.

is the volume of RFG splash blended with ethanol in demand region d (within
regionr).

is the percentage oxygen in ethanol

isthe fraction of ethanol in RFG for 2.0 percent min oxygen (= 5.8 percent).
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HerhrrH.d is the volume of RFH splash blended with ethanol in demand region d (within

regionr).
Ferhren isthe fraction of ethanol in RFH for 2.7 percent min oxygen (= 7.8 percent).
ZOX, isthe total volumein units of percent oxygen-barrels of RFG.

31. Sum oxygen percentage contribution by renewable oxygenates blended to RFG.

Z"OE GOE,RFG,r * I:)OOE +Zde r HI:—FH,RFG,d * POEFH * I:ETHRFG +Zde r HI:—FH,RFH,d * I:)OETH * FEFHRFH - L*Zoxr
>0 Yor

where, in addition to the terms defined in equation 29:
Goerrar is the volume of renewable oxygenate stream (OE) blended to RFG in region (r).

POoe is the percentage oxygen in oxygenate stream (OE). This group includes ETB,
TAE, and THE from ethanol. Also included isthe ethanol splash blended.

L isthe volume fraction of the oxygen that must come from renewable oxygenates,
i.e., ethanal, ethylbenzene (ETB) and ethyl ethers (TAE and THE).

32. Calculate refinery consumption of natural gas supply by summing volumes processed for each refinery
region:

ZNNGRFNg +2ZN,NGRFP, - UNGF = 0
where;

N:NGRFN/P; isthevolume of natural gas consumed in refinery region (r) at supply price delta
(@)

UNGF isthe total volume of natural gas consumed in refinery regionr.
33. Place an upper bound on each natural gas supply step volume:
NNGRFN/P, < NG, max
where:
N:NGRFN/P; isthevolume of natural gas allowed on step g in region (r) at cost a cost delta.

NG, max is the maximum volume of natural gas supply alowed, based on an input value.
Note that step N1 has a minimum lower bound volume.
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34. Calculate Alaskan crude export volumes:
Y4 NZAMHP, + 3, NZAMHN, - ZZAMHTOT = 0
where:
2qNZAMHP, Volume at price increment g of Alaskan Crude (AMH) exports.
g NZAMHN, Volume at price discount g of Alaskan Crude (AMH) exports.
35. Place an upper bound on each Alaskan crude supply step volume:
NZAMHx, < NZAMHx, max
where:
NZAMHXq Volume at price increment/discount g of Alaskan Crude (AMH) exports.
NZAMHx;max isthe maximum volume of crude export allowed, based on an input value.

36. Calculate taxable carbon emissions:

TCBN;, - >, RFUM,r,m =0 Y or
where:
TCBN, Total carbon emissions resulting from refinery operationsin refinery region r for

which tax islevied.

Rrum, rm is the manufacturing activity level in mode (m) operation in processing unit FUM
at refinery region (r).

37. Calculate ethanol available for tax subsidy:

Y4B eragq - ZET4 = 0 v d

where:

ZETy Total ethanol production in demand region d for which tax subsidy is allowed.
Beth,dg Volume of ethanol produced in demand region d at price g.

38. Calculate volume of GTL movement from Alaskato refining regions:
ZoWoeriarm - ZTHMPRF;, = 0O vor
where:
W GtLArm Total GTL transferred from Alaskato region r via transportation mode m
39. Limit volume percent of undesireable oxygenate in RFG (and TRG)- related mogas manufactured at

refinery r for sale or splash blending:
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Zlox G ox,RFG,r = ngeRFG Q mg,r * Pomg

and

z‘4ox G oX,TRG,r ~ ng eTRG Q mg,r * Pomg

where;

G ox,TRG,r

G ox,RFG,r

Qmgr

PO g

IA
o
<

IA
o
<

Volume of oxygenate ox (MTBE, ETBE, TAE, TAM for TRG component)
blended or splash blended in the manufacture of TRG mogas components.

Volume of oxygenate ox (MTBE, ETBE, TAE, TAM, THE, THM for RFG

component) blended or splash blended in the manufacture of RFG mogas
components.

Volume of spec product mg (SST, SSE, TRG, TRH for TRG component, and
SSR, RFG, RFH for RFG component) manufactured in refinery region r.

Percentage oxygen required in mogas component mg.

40. Maximum and minimum flow requirements along TAPS in Alaska:

TANSOTOT + TAGTLTOT > NSOmin

and

TANSOTOT + TAGTLTOT < NSOmax

where;

TANSOTOT Totd ail transported from Alaska North Slope to Vadez along TAPS.

TAGTLTOT Tota GTL transported fron Alaska North Slope to Vadez along TAPS.

NSO

Min and Maximum (capacity) flow allowed on TAPSin Alaska.

41. Maximum natural gas available for processing to GTL in Alaska:

%, 5, NGA,

NGA (g

NSO

< NGmax
Natural gas used at price g to generate GTL for transport to refinery region r

Maximum quantity of natural gas allowed to be consumed for GTL production in
Alaska.

42. In addition to the above, several non-constraining rows exist merely as a convenience to sum over
certain columns via the row activity parameter, including rows CAALLTOT, CAAMHTOT, CAGTLTOT,

CANSOTOT.
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B.6 Row and Column Cross References

The PMM LP matrix is generated from a program written in the FORTRAN language using callable
subroutines from OML. The correspondence between the rows and the column symbolsin the preceding
matrix description and the generated matrix names of PMM are shown in Table B4.

TableB4. Column Cross References

Column Notation

Matrix Name

Bada C(d)(3aR(a)

Dpa D(d)(p)S1 & D(d)(p)SX
Eur E()(u)INV

Gips B(N(P)(i) & F(r(P)(i)
Hons X h)(p)

Hpnad X(@d)(h)(p)

Hpir G(@)(P)

Hgir G(n(i)(9)
HKWHMCH, H(r)KWHMCH
HMPRF;, H(r)MPRF(i)

lpra I(N(P)R()

12y I(d)(p)Z9

K K(r)(U)CAP

L L(r)(u)BLD

M, G(r)METDEM

Mt D@METSL

NGA, 4 N(r)NGKN(q)
N,NGRFN, N(r)NGRFN(q)
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Column Notation

N.NGRFP,
NZAMHN,
NZAMHP,

Oc,v,b

Tir
TAAMHXZ
TATOT,
TAGTL
TANSO
TCBN;
TXspr
TXpp,r
TXsgr
TXerTO)ir
Ui
UNGF

Vi

Energy Information Administration
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Matrix Name

N(NGRFP(q)
NZAMHN(q)
NZAMHP(q)
O@CRDEXP
O@CRDSPR
P(b)DCRQ1
P(NF(c)Q(a)
Q(N(p)
R(NACU(V)(c)

R()CGNCGN, R(r)CGXCGN

R(r)(u)(m) & H(r)(u)(m)
T@UNFTOT
T(r)UNF(i)
TAAMHXZ
TAA(Q)TOT
TAGTLTOT
TANSOTOT
T(r)\CBNTAX
T()(S)(P)
TNP)P)
T()(S)(s)
H(N(FR)(TO)(i)
un()
U(NGF

VTVC(m)CP
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Column Notation

Ve

Vcts
VCpy,
VPpprdm
Viplgm
WGTL

Wa,r,d,m

Wa,d,r,mv Wa,d,d',m

Wprdm
Wp,d,d',m
Xpd
XZp4

Y evbrm
Zt

ZETy

ZFLO,
ZOX;

ZZAMHTOT

Energy Information Administration

Matrix Name
VTVP(m)CP
VTPCGAC (not used)
VTPC(b)(m)(r)
VTPP(r)(m)(d)
VTPL(r)(m)(d)
WAGTL (m)(r)

W(r)(@(m)(d)

W(d)(@(m)(r), W(d)(@(m)(d)

W(r)(p)(m)(d)
W(d)(p)(m)(d)
D(d)(p)SX
D(d)(p)29

Y (b)(v)(c)(m)(r)
Z@TOTCRD

Z(dETHTAX
Z(d)ETCTAX

Z(r)FLO(u)
Z(nRFGOXY

ZZAMHTOT
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Table B5. Row Cross References

Row Number Matrix Name
1 Z@IRACN
2 Z@IRACX
3 Z@CRDTOT
4 A@PRDIMP
5 D@MET
6 A(r) INVST
7 A@INVST
8 F@TOTCRD
9 F()UNF(i)
10 D(d)(a)
11 D(d)(p)
12 D(d)(p)
13 M(d)(p)
14 C(b)(v)(c), (CZAMH)
15 TVC(m)CP
16 TVP(m)CP
17 (not used in 3-reg mode!) TPCGAC
18 TPC(b)(m)(r)
19 TPP(r)(m)(d)
20 TPL(r)(m)(d)
21 P()(e), Z(r)CAP(U), H(N(e),
G(r)(e)
22 C(n(v)(c)
23 C(nF(c)
24 M(r)(p)
25 U
26 L(r)(u)CAP, Hr)FUMCAP
27 B(r)(i), G(n(), H(r)()
28 QM (P)(y)
29 S(N(p)E
30 S(r)RFGOXY
31 Q(r)RFGREN
32 Z(NGFSUM
33* N(r)NGRFN/P(q)
34 ZZAMHSUM
35* NZAMHN/P(q)
36 P(CBNTAX
37 A(dETHTAX
38 C(nGTL
39 M(r)MTBRFG, M(NMTBTRG
40 TAOILGTN, TAOILGTX
41 TANGKGTX
42 (misc)

* Bound on column variable.
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APPENDIX D Model Abstract

D.1 Model Name:

Petroleum Market Model

D.2 Model Acronym:

PMM

D.3 Description:

The Petroleum Market Model is asimulation of the U.S. petroleum industry. It includes 12 domestic crude
oil production regions, 3 refining centers with full processing representations and capacity expansion
capability and gas plant liquid production, and 9 marketing regions. The heart of the model is alinear
programming optimization which ensures arational economic simulation of decisions of petroleum
sourcing, resource allocations, and the calculation of marginal price basis for the products. Nineteen
refined products are manufactured, imported, and marketed. Eight of these products are specification
blended, while the remaining 11 are recipe blended. Capacitated transportation systems are included to
represent existing intra-U.S. crude oil and product shipments (LPG, clean, dirty) via pipeline, marine
tanker, barge, and truck/rail tankers. The export and import of crude oil and refined productsis also
simulated. All imports are purchased in accordance with import supply curves. Domestic manufacture of
methanol is represented as though the processing plants were a part of the refinery complexes whereas
ethanol sources are treated as merchant. Transportation is alowed for ethanol shipments to the demand
region terminals for splash blending.

The program is written in FORTRAN which includes callable subroutines allowing full communication
with the LP portion of the model which isin the form of an MPS resident file.

D.4 Purpose of the Model:

The PMM models domestic petroleum refining activities, the marketing of petroleum products to
consumption regions, the production of natural gas liquids in gas processing plants, and domestic methanol
production. The purpose of the PMM isto project petroleum product prices, refining activities, and
movements of petroleum into the United States and among domestic regions. In addition, the model
contains adequate structure and is sufficiently flexible to examine the impact of awide variety of
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petroleum-related issues and policy options, in order to foster understanding of the petroleum refining and
marketing industry as well as determine the effects of certain policies and regulations.

The PMM projects sources of supply for meeting petroleum product demand. The sources of supply
include crude ail, both domestic and imported; other inputs including alcohols and ethers; natural gas plant
liquids production; petroleum product imports; and refinery processing gain. In addition, the PMM
estimates domestic refinery capacity expansion and fuel consumption. Product prices are estimated at the

Census division level and much of the refining activity information is at the Petroleum Administration for
Defense (PAD) District level.

D.5 Most Recent Model Update:

November 2002
D.6 Part of Another Model?
National Energy Modeling System (NEMS)

D.7 Model Interfaces:

Receives information from the International, Natural Gas Transmission and Distribution, Oil and Gas
Supply, Renewable Fudls, Electricity Market, Residential, Commercial, Industrial, and Transportation
Models. Deliversinformation to each of the models listed above plus the Macroeconomic Model.

D.8 Official Model Representative:
Han-Lin Lee
Office of Integrated Analysis and Forecasting

Oil and Gas Division
(202) 586-4247

D.9 Documentation:
EIA Model Documentation: Petroleum Market Model of the National Energy Modeling System (NEMS),
February 2003. (DOE/EIA-M059).
D.10 Archive Media and Installation Manual
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Archived as part of the NEMS AEO2003 production runs.

D.11 Energy System Described:

Petroleum refining industry and refined products market.

D.12 Coverage:

Geographic: Twelve domestic crude oil production regions (East Coast, Gulf Coast, Mid-Continent,
Permian Basin, Rocky Mountain, West Coast, Atlantic Offshore, Gulf Offshore, Pacific Offshore, Alaska
South, Alaska North, Alaska Offshore); three refining regions (PAD District |, an aggregate of PAD
Digtricts I1-1V, and PAD District V); nine market regions, the Census divisions (New England, Mid
Atlantic, East North Central, West North Central, South Atlantic, East South Central, West South Central,
Mountain, Pacific)

Time Unit/Frequency: Annual, 1995 through 2025

Products: LPG, conventional motor gasoline, conventional high oxygen motor gasoline, reformulated
motor gasoline, reformulated high oxygen motor gasoline, M85, E85, jet fuel, distillate fud ail, low-sulfur
highway diesdl, ultra-low-sulfur highway diesel, low-sulfur residua fuel ail, high-sulfur residual fuel ail,
petrochemical feedstocks, asphalt/road oil, marketable coke, still gas, other.

Refinery Processes. crude distillation, vacuum digtillation, delayed coker, fluid coker, visbreaker, fluid
catalytic cracker, thermal cracker, hydrocracker-dist, hydrocracker-resid, solvent deasphalter, resid
desulfurizer, FCC feed hydrofiner, distillate HDS, naphtha hydrotreater, catalytic reformer-450 psi,
catalytic reformer-200 psi, alkylation plant, catalytic polymerization, pen/hex isomerization, butane
isomerization, etherification, butanes splitter, dimersol, butylene isomerization, total recycle isomerization,
naphtha splitter, C2-C5 dehydrogenator, cyclar unit, hydrogen plant, sulfur plant, aromatics recovery plant,
lube + wax plants, FCC gasoline splitter, gas/H2 splitter, stream transfers, fudl system, steam production,
power generation.

Crude Qil: Alaskalow-sulfur light, Alaska mid-sulfur heavy, domestic low-sulfur light, domestic mid-
sulfur heavy, domestic high-sulfur light, domestic high-sulfur heavy, domestic high-sulfur very heavy,
imported low-sulfur light, imported mid-sulfur heavy, imported high-sulfur light, imported high-sulfur
heavy, imported high-sulfur very heavy.
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Transportation Modes: Jones Act dirty marine tanker, Jones clean marine tanker, LPG marine tanker,
import tankers, clean barge, dirty barge, LPG pipeline, clean pipelines, dirty pipelines, rail/truck tankers.
These cover al significant U.S. links.

D.13 Modeling Features:

Model Structure: FORTRAN callable subroutines which update the linear programming matrix, re-
optimize, extract and post-process the solution results, update system variables, and produce reports.

Model Technique: Optimization of linear programming representation of refinery processing and
transportation which relates the various economic parameters and structural capabilities with resource
constraints to produce the required product at minimum cost, thereby producing the marginal product
pricesin amanner that accounts for the major factors applicable in a market economy.

Specia Features: Choice of imports or domestic production of productsis modeled, capacity expansion is
determined endogenoudly, product prices include fixed and environmental costs, oxygenated and
reformulated gasolines and low-sulfur diesel fuel are explicitly modeled.

D.14 Non-DOE Input Sources:

Information Resources Inc. (IRI), WORLD model data, National Petroleum Council, ICF Resources, Qil
and Gas Journal.

D.15 DOE Input Sources:

Forms:

ElIA-14 Refiners Monthly Cost Report

ElIA-182 Domestic Crude Oil First Purchase

EIA-782A Monthly Petroleum Product Sales

EIA-782B Resdller/Retailer's Monthly Petroleum Product Sales
EIA-782C Monthly Petroleum Products Sold into States for Consumption

EIA-759 Monthly Power Plant Report

EIA-810 Monthly Refinery Report

ElIA-811 Monthly Bulk Terminal Report
ElIA-812 Monthly Product Pipeline Report
EIA-813 Monthly Crude Oil Report

ElIA-814 Monthly Imports

EIA-817 Monthly Tanker and Barge Movement
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ElIA-820 Annual Refinery Report

EIA-826 Monthly Electric Utility Sales

EIA-856 Monthly Foreign Crude Oil Acquisition

EIA-860B Annual Nonutility Power Producer Report

FERC-423 Monthly Report of Cost and Quality of Fuelsfor Electric Plants

In addition to the above, information is obtained from severa Energy Information Administration formal
publications: Petroleum Supply Annual, Petroleum Supply Monthly, Petroleum Marketing Annual,
Petroleum Marketing Monthly, Fuel Qil and Kerosene Sales, Natural Gas Annual, Natural Gas Monthly,
Annual Energy Review, Monthly Energy Review, State Energy Data Report, Sate Energy Price and
Expenditure Report.

D.16 Independent Expert Reviews Conducted:
Independent reviews of the PMM were conducted by:

A.S. Manne, ASM Consulting Services, July 1992

A.S. Manne, ASM Consulting Services, September 1992

N. Yamaguchi, Trans-Energy Research Associates, Inc., November 1997.
J. Urbanchuk, AUS Consultants, May 1998.

D.17 Status of Evaluation Efforts by Sponsor:
None.
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APPENDIX E. Data Quality

E.1 Quality of Distribution Cost Data

Costs related to distributing petroleum products to end-users are incorporated by adding fixed
transportation markups to the wholesale prices which include the variable and fixed refinery costs.
Transportation markups for petroleum products are estimated as the average annua difference between
retail and wholesale prices over the years 1990 through 2000." The differences are based on wholesale
pricesin the producing Census Division and end-use prices (which do not include taxes) in the
consuming Census division. See Appendix F for adiscussion of programs and input filesused in
estimating these markups.

Annua wholesale pricesfor al petroleum products are aggregated from state-level prices from the EIA-
782A. The estimation and reliability of the EIA-782A datais discussed in the Petroleum Marketing
Annual 2001 ( http:/www.ela.doe.gov/pub/oil _gas/petroleum/data_publications/petroleum_marketing

annual/current/pdf/enote.pdf). See Explanatory Notes for inputs and sources.

With the exception of gasoline, non-utility distillate fuel, and jet fuel, sectoral end-user pricesthrough
1997 are aggregated from prices from the State Energy Price and Expenditures Report 1997 (SEPER).
The methodology behind these state-level sectora pricesis discussed in the State Energy Price and
Expenditures Report 1997 DOE/EIA 037(97), July 2000. One area of concern is the SEPER methodology
for residual fud transportation prices where the vessal bunkering prices are tied to State eectric utility
prices. This methodology is questionable because most utility residual fuel useis on the East Coast
whereas vessel bunkering is concentrated on the Gulf and West Coasts.  The entire kerosene price series
was re-estimated for SEPERS97.

Gasoline, jet fudl, and non-utility distillate prices are estimated as weighted averages using end-user prices
from EIA-782A and sectoral consumption from the State Energy Data Report (SEDS)
(http://www.eia.doe.gov/emeu/sedr/contents.html. May 2001).

Dueto alag in the publication of the SEPER data, end-use price estimates for 1998, 1999, and 2000 are
calculated using the same data series and methodology described in SEPER. The SEPER methodology
uses prices from EIA-782A, FERC-423, EIA-759, and weights them with most recent consumption
volumesfrom SEDS. Refer to SEDS for a discussion of the reliability of consumption data
(http://eia.doe.gov/pub/state.data/pdf/petrol.pdf, May 2001).

Due to electric restructuring the number of electric utility survey respondents has been declining and the
quality of the dataislikely to be reduced. See the Electric Power Annua 1999
(http://www.eia.doe.qgov/cneaf/el ectricity/epavl/epavl sum.html, December 8, 2000) for a discussion of
the reliability of electric utilities data from FERC-423 and EIA-759. Table E1 shows the data series used
in the estimation of end-use prices.

Transportation markups for kerosene are based on the difference between end-user kerosene prices and wholesale distillate
prices.
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Table E1. Sourcesof Markup Inputs

Products Sectors Data Series I nputs

Distillate CM, IN, RS EIA-782A, SEDS

Jet Fuel TR EIA-782A, SEDS

Low Sulfur Diesdl TR EIA-782A, SEDS

Fuel

Motor Gasoline CM, IN, TR EIA-782A, SEDS

Asphalt and Road Qil | IN SEPER, EIA-782A, SEDS
Kerosene CM, IN, RS SEPER, EIA-782A, SEDS
Liquified Petroleum CM,IN,RS, TR SEPER, EIA-782A, SEDS
Gases

Low Sulfur Residual CM, IN SEPER, EIA-782A, SEDS
Fuel

High Sulfur Residual | TR SEPER, EIA-782A, SEDS
Fuel

Distillate EU SEPER, EIA-759, FERC-423
Low Sulfur Residua EU SEPER, EIA-759, FERC-423
Fuel

High Sulfur Residual | EU SEPER, EIA-759, FERC-423

Fuel
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E.2 Quality of Tax Data

Inthe PMM, State and Federal taxes are added to the prices of gasoline, digtillate fuel, liquefied petroleum
gas (LPG), jet fuel, ethanol, and methanol in the transportation sector. State taxes are assumed to keep pace
with inflation (held constant in real terms) while Federal taxes are held at current nominal levels (deflated
in each forecast year).? The Federal tax assumption supports the overall forecast assumption of current
laws and legidation. The assumption that State taxes will increase at the rate of inflation supports an
implied need for additional highway revenues as driving increases. An additional 2 cents per gallon is
added to the State gasoline taxes to approximate local taxes. The average local tax estimate was taken

from How Much We Pay for Gasoline: 1996 Annual Review published by the American Petroleum
Institute in May 1997.

The State taxes are added as Census division weighted averages which are based on the most recently-
available State taxes. State taxes for jet fuel are derived from unpublished data collected by the Petroleum
Marketing Division of EIA, while state taxes for ethanol and methanol are taken from The Clean Fuels and
Electric Vehicles Report, February 2000, published by Energy Futures Inc. State and Federal taxes for
gasoline, transportation distillate, and L PGs are based on data from the Federal Highway Administration,
but are modified to include other known changesto State taxes. The quality of the State level tax datais
unknown but deemed reliable. The local tax estimate of 2 cents-per-gallon seems reasonable given that a
comparison of two EIA data series, one including local taxes and one not, revealed a gasoline price
difference of 1.6 cents-per-gallon.®> Federal taxes, which were increased by 4.3 per gallon in 1993, are
widely published, and deemed highly reliable.

See Appendix F for a description of programs and input files used in the calculation of historical taxes and
the estimation of taxes used in the price projections.

E.3 PMM Ciritical Variables

The PMM contains numerous variables and parameters. Some variables have greater impact on model
results than others. Thefollowing isalist of variables that we believe has a high degree of influence on
PMM results. Itis provided to help users understand the critical factors affecting the PMM.

o World ail price

® Product demands

o |mported crude supply curves

e |mported product supply curves

2Refer to Stacy MacIntyre, “Motor Fuels Tax Trends and Assumptions’, Issuesin Midterm Analysis and Forecasting 1998,
DOE/EIA-0607(98), (Washington, D.C., July 1998).

3Macro International, Inc., EIA-888 and EIA-878 Data Comparisons and Performance Measures, Third Quarter 1997
(Washington, D.C., December 15, 1997).
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® Domestic crude production

® Prices and available supplies of methanal, ethanol, MTBE, and other ethers
® |nvestment cost for capacity expansion

® Market shares for gasoline and distill ate types

® NGL supply volumes

Most of these variables are provided by other modelsin the NEM S system. Ethanol supply and prices are
provided by the Ethanol Supply Model, a sub-module of the PMM, documented in Appendix |. The
investment cost and market share data are developed offline and read in to the PMM.

Tests on some of these variables are discussed in a separate appendix to this documentation, titled
Documentation of the Petroleum Market Model, Appendix: Model Developer's Report. In an earlier effort,
adetailed calibration was made, using the same refinery model technology database asin PMM, compared
against the EIA Petroleum Supply Annual (PSA) for 1989.* This comparison indicated that the validation
was quite good with total crude volumes from the model only 0.48 percent above actual PSA values and
total production just 0.28 percent higher. A more complete comparison, including assumptions, can be
found in the cited reference.

4'U.S. Detailed Refinery Model," Letter of October 20, 1993, from Martin Tallett of EnSysto G. H. Harp of EIA.
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APPENDIX F. Estimation Methodologies

F.1 Refinery Investment Recovery Thresholds

The threshold for expansion investment decisionsis composed of the refinery capital recovery threshold
(CRT;) and the fixed costs (FC;) associated with a processing unit. The negative of the sum of these two
componentsis entered into the objective function row corresponding to the unit expansion vectors
[E(r)(un)INV and B(r)(un)BLD ] of the PMM LP to provide an investment decision criteria; i.e., the
investment will occur to the extent that it is economic. The methodologies used to cal culate the capital
recovery threshold and the fixed costs are presented below.

Refinery Capital Investment Recovery Threshold

The calculation methodology for the capital investment recovery threshold values have been taken from a
standard refinery industry reference.’ The inside battery limits (ISBL) investment cost and labor costs for
most of the processing unit types were obtained from a study by Bonner and Moore Associates.” The data
for typical unit sizes and stream factors as well as supplementary investment and labor was obtained from
the World Oil Refining, Logistics, and Distribution (WORLD) model.® A basic premise used in the PMM
application is that the investment recovery value at the end of project life (PL) will equa site
decommissioning cost, an expectation that seems to be widely shared in the petroleum industry.

The inside battery limits cost per barrel investment cost at the Gulf Coast (P) for each refinery process
modeled was obtained from the cited data sources. The total investment cost (INV) was then calculated
using the referenced methodology. Finally, the capital recovery threshold for each process was calcul ated.

Given that a Gulf Coast plant and equipment battery limits cost for an expansion of processing plant type |
is P; dollars per barrel per day of stream day capacity (assumed to include required storage facilities but not
necessarily all mandated environmental systems), then the nominal total plant and equipment cost at some
arbitrary location would be:

13 H. Gary and G.E. Handwerk, Petroleum Refining: Technology and Economics (New Y ork: Marcel Dekker, 1975), Chapters 13
and 14; and (New York: Marcel Dekker Inc., 1994), Chapters 17 and 18.

2Bonner & Moore Associates, Inc., A Capital Expansion Methodology Review of the Department of Energy's Petroleum Mar ket
Model, prepared for the United States Department of Energy, Contract No. EI-94-25066 (Houston, TX, July 1994).

3Ensys Energy & Systems, Inc., WORLD Reference Manual, a reference for use by the analyst and management prepared for the
United States Department of Energy, Contract No. DE-AC-01-87FE-61299 (Washington, D.C., September 1992).
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NTPE; = P, * (1+U)* (1+ O) &

where U = Utilities cost multiplier
O = Offsites multiplier

With construction occurring over a 3-year period at a constant rate, the present value of the nominal total
plant and equipment is:

PVNTPE, = (NTPE;/3) * >%., * (1+ DEFi) %)

where DEF = inflation rate during construction

Thefina land, plant, and equipment cost is:
FLPE; = PVNTPE; * (1+ S+ C) 3)

where S = Special costs multiplier (includes land)
C = Contingency cost multiplier

Thetotal investment is:

INV; - (1+ W) * FLPE; 4)

where W = Working capital multiplier
A multiplier called the plant depreciation factor or PDF, is used in the investment recovery calculations. It
is merely the ratio of depreciable investment to total investment. More specifically, the numerator of the
PDF istotal investment less land, working capital, and supplies.
The capital recovery threshold is calculated from:

CRTi,j = CAPRECU * Lj * Ej 5)

where,

CAPREC;; =(INV; * (Urp.-PDF; * (TR /(PL*365))) / (1- TR) (6)
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CRT;; = The daily investment recovery required for processing unit type | at location j,

$/bbl
CAPREC;; = Baselevel daily investment recovery required for processing unit type | at location
j, $/bbl
INV; = The investment required for processing unit type | on the Gulf Coast, $/bbl
L= Location factor for PAD District j
E = Investment factor for environmental capital expenditure for PAD District j (= 1)
PDF,; = Plant depreciation factor (fraction of investment that may be depreciated) for
processing unit type |
TR = Effective combined income tax rate in PAD District |
R = Investment return rate, fraction
PL = Plant life, years
when R > 0, then
— * -PL*365
Urp = (R/ (365 * (1- (1+R/365) ™)) %
otherwise,
UR’pL = (1 /(PL *365) (8
Also,

TR =TRF + TRS - TRFXTRS

where
TRF = Federal income tax rate
TRS = Average state income tax rate for PAD District j, weighted by crude oil charge

Note that an investment tax credit can be added to this investment model by decreasing the INV by the
applicable fraction. Also, the investment return rate (R) is an input variable which may be different for
build coefficient calculations (RQBLDRAT,) versus investment coefficient cal culations (RQOPRRAT));
however, currently both are set equal to 10 percent.

The location factors (Lj) were based on analyst judgment and are presented in Table F2. In order to do
this, several premises have been set in accordance with Table F1. The multipliersin Table F1 were
obtained from the Gary and Handwerk reference. The variability of these factorsis unknown. Examples
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of total Gulf Coast investment cost and depreciable investment fraction (PDF) as well as the fixed costs are
presented in Table F4.

TableF1. Investment Multiplier Values

Multiplier Value
U 0.075
@] 0.15
DEF 0.03
C 0.15
S 0.04
w 0.10

Table F2. Location Index (J) and L ocation Factors

PAD District L ocation Factor
I 1.2
In-1v 1.07

V 1.4

Refinery Unit Fixed Cost Factor

The fixed cogt, in conjunction with the capital recovery threshold, forms the threshold for expansion
investment decisions for processing unit type |. Fixed cost is calculated from:

FXOC; = (1/365) * (B, + PVNTPE; 2°., F) 9)
FC = FXOC, * Lj * EJ' (10)
where

B = Operations labor, $/year/BBL/day
the 6 "F" multipliers are shown in Table F3.
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Table F3. Fixed Cost Multiplier Values

Multiplier
1, Insurance

2, Local tax rate
3, Maintenance
4, Supplies

5, Overhead

6, Environment

Value
0.005
0.01
0.04
0.002
0.015
0.02

The labor charge, B, and the overhead multiplier is taken from the WORLD model. The first 4 multipliers
was obtained from the Gary and Handwerk reference. The environment base multiplier results from

analyst judgment. The 1993 NPC study estimates the new environmental refinery operation and

maintenance cost as about one third of base operations and maintenance over the 1991-1995 time period.
Gary and Handwerk estimate the maintenance factor to vary between 3 percent and 8 percent, 4 percent
was used because the trend is for refineries to increase operating efficiency over time. Variability of the

other factorsis unknown.

Energy Information Administration
NEM S Petroleum Market M odel Documentation

PageF - 5



Table F4. Refinery Investment Recovery Estimates (in 1993 dollars)

Processing Unit Unit INV PDF Fixed Cost
Index (Dallars per ($/bbt)
bbl/d)
Crude oil tower ACU $387 0.775 $0.12
Vacuum unit VCU $592 0.775 $0.18
Solvent deasphalting SDA $1.479 0.775 $0.40
Delayed coker KRD $3.078 0.775 $0.85
Fluid/flexicoker KRF $3.957 0.775 $1.10
Visbreaker/TCC VBR $1.196 0.775 $0.29
Naphtha hydrotreater NDS $668 0.775 $0.24
Distillate desulfurizer DDS $888 0.775 $0.35
FCC feed hydrofiner FDS $2,199 0.775 $0.41
Residuum desulfurizer RDS $3.320 0.775 $0.95
Gas ail hydrocracker HCR $4,287 0.775 $1.14
Residuum hydrocracker HCV $5.826 0.775 $1.49
Naphtha hydrotreater HCN $792 0.775 $0.69
Lube and wax units LUB $8,062 0.775 $2.75
Gas oil dewaxer DEW $1,759 0.775 $0.30
Prefrac hi density ATF JFP $1.495 0.775 $0.76
Hi density ATF HD unit HDN $10,147 0.775 $3.11
HP Semi regen REFORMER RFH $2,125 0.775 $0.42
LP Cyclic reformer RFL $2,748 0.775 $0.50
LP Continuous reformer RFC $2,764 0.775 $0.59
C3/C4 dehvdronenation OLE $13,192 0.775 $2.34
Fluid cat cracker FCC $3.518 0.775 $0.75
FCC fractionation FGS $484 0.775 $0.11
Alkylation unit ALK $3,400 0.775 $1.32
Polymerization unit CPL $3.870 0.775 $0.42
Dimersol unit DIM $5,013 0.775 $0.56
Aromatics recovery ARP $1.671 0.775 $0.67
Pen/Hex |somerization PHI $2,638 0.775 $0.98
Butane isomerization C4l $5,277 0.775 $1.46
Total recvcleisom TRI $2.990 0.775 $1.17
Cvclar unit cYcC $8.003 0.775 $2.13
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Processing Unit Unit INV PDF Fixed Cost
Index (Dollars per ($/bbl)
bbl/d)
H2 Steam ref bfoe/d HoP $15.859 0.775 $5.62
H2 Partial Ox bfoe/d H2X $27.644 0.775 $5.40
Sulfur. Stons/dav SUL $70 0.775 $0.04
Steam aener. |bs/hr STG $41 0.775 $0.01
Power aeneration. MKW KWG $6 0.775 $0.00
M Dist Furfural trtina FEX $1.159 0.775 $0.35
Svnsat Distillate Hvdrotreatina SYD $1.269 0.775 $0.48
Methanol unit MOH $967 0.775 $3.41
ETBE unit FTR $5.744 0.775 $1.20
ETAE unit TAE $10.241 0.775 $2.08
Merchant MTBE MBM $37.332 0.775 $7.39
C4E based oxv unit FTH $2.513 0.775 $1.20
C5E+ based oxv unit ETM $7.072 0.775 $2.08
Crvoaenic C2 fractionator ETS $1.407 0.775 $0.33
C2E - C4E Dimerization C24 $10.147 0.775 $2.51
Atmospheric Residuum Desulfurization ARD $2.682 0.775 $5.68
CD Tech FCC naphtha desulfurization CDT $1.442 0.775 $0.17
Low Conversion Hvdrocrackina HClL $2.726 0.775 $1.03
Hvdrodesulfurizer 1 HD1 $1.129 0.775 $0.96
Hvdrodesulfurizer 2 HD2 $941 0.775 $0.52
Alt. Hvdrodesulfurizer 2 HS2 $361 0.775 $0.52
Catalvtic Fluidized Bed MOD $1.759 0.775 $0.50
Octaain naphtha desulfurization OCT $1.161 0.775 $0.32
Caustic Sox Scrubber SOX $670 0.775 $0.57
Hvdroaeneration norm. pentanes’hexenes H56 $1.853 0.775 $0.33
Hvdroaen/fuel aas reformer hvdroaen HLO $379 0.775 $2.51
Hvdroaen purification HPM $4.311 0.775 $5.68
Iso-octane unit converted from MTBE 10T $2.965 0.775 $0.17
Iso-octane unit conv. from MTBE, merc. [OX $938 0.775 $1.03
Prism Press. Swing Adsorp. — H purif. PSA 4,096 0.775 $0.96
Hydrodesulfurization (S-Zorb) - diesel PSSz $1,055 0.775 $0.52
Thermal cracker C2-C4 feed TCG $4,6901 0.775 $0.52
Thermal cracker naphtha feed TCN $5,159 0.775 $0.50
Thermal cracker gas oil feed TCV $6.449 0.775 $0.32
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F.2 Gas Plant Models

The gas plant models for each PADD is maintained on the spreadsheet 'NGL.WK1' maintained within EIA
by the Oil and Gas Division. These models require gas plant wet gas volumes asinput. In order to
accommodate the information available, dry gas production volume, and permit gas plant activity to be
driven by dry natural gas demand, factors are applied to the dry gas demand volumes to calculate imputed
volumes of processed wet gas. In PADD V, the PMM models only the California gas plants. Although
Alaska produces and processes a considerable volume of natural gas, it is nearly all used for reinjection
with some NGL dumped into the crude pipeline with the exception of modest volumes of southern Alaska
production. The southern Alaska production does have alocal NGL market with much of the dry gas
shipped out as LNG. In any case, the PADD V refinery industry is virtually unaffected by Alaska NGL
production. Thus, the PMM aggregate gas plant includes Californiaonly. Gas residue volumes are not
available to the PMM but total dry gas volumes by PADD are. Thisinformation isin the NEMS common
block region. Specificaly, thetotal dry gasvolumes are availablein:

Common block: NGTDMOUT
Variable matrix: PRNG_PADD(PADD,YEAR), BCF
Description: Total dry gas produced including plant fuel and lease fuel (P&L) for

PADD 'PADD' in year 'Y EAR' excluding Alaska.

Each of the five values must be multiplied by a factor to obtain an estimate of the corresponding wet gas
that is processed by the gas plants; i.e. the total dry gas volumes are multiplied by the ratio of processed
wet gas to total dry gas production. These ratios are derived from 1993 data’ so that data variability is
unknown. The five multipliers are shown in Table F5.

TableF5. Total Dry GasMultiplier

PADD Multiplier
| 0.4536

I 0.7659
Il 0.7572
v 1.0136
CA 0.7745

The multiplier for PADD | islow because relatively little of the modest PADD | gas production is
processed beyond field decontamination. The multiplier is high for PADD IV because a great deal of Utah

“Energy Information Administration, Natural Gas Annual 1993, DOE/EIA-0131(93), (Washington, DC, October 1994).
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gas production is reinjected for field pressure maintenance. Thisreinjected gasis not counted in total dry
gas production. The three region PMM uses the quantity weighted average multipliers of PADDs I, 111,
and IV for refining region two.

The NGL extraction is allowed to occur at a minimum, maximum, or average level. Complete ethane
rejection is alowed with a processing credit for each barrel rejected. Propane rejection occursin U.S. gas
plants but to an unknown extent. The model allows propane rejection up to one fourth of the propane
volume. The basic model structure is devised from the Pace Consultants annual petrochemical report.”
The liquids extraction data have been calculated by averaging actual liquid extraction volumes from the 4-
year period 1990 - 1993° as well as obtaining minimum and maximum values. The coefficients were then
normalized. The minimum and maximum values seem to suggest the variability of the data but the reader
is cautioned that statistically based models, as opposed to engineering models, may understate processing
flexibility. Furthermore, the gas businessis not statistical. It is driven by technology and economics, i.e.
history is suspect as a basis for such values. The model for PADD II1 is shown in the following table.
Models for the other PADDs are similar except the extraction coefficients differ.

Table F6. GasPlant Modd for PADD |11

MIN MAX AVG ETH PRO Row R
Type HS
Wet Nat. Gas (MMcf) -1.000 -1.000 -1.000 = 0
Dry Gas (MMcf) 0.945 0.938 0.941 0.002 0.002 = +
Ethane (bbl) 14.070 14.332 14.562 -1.000
Propane (bbl) 11.165 11.628 11.782 -1.000
|-Butane (bbl) 4.375 4.776 4.693
N-Butane (bbl) 2.506 4.409 3.349
Nat. Gasoline (bbl) 7.025 7.310 7.286
Volume Loss (MMcf) -39.058 -42.394 -41.613 0.998 0.998
Fuel (MMcfl) -0.037 -0.040 -0.040
Oper. Cost ($) -115.07 -124.82 -122.51
Oper. Cost ($/bbl) 5.88 2.94
Capacity limit (bbl/d) 1.000 <+

Table F6 differs from the implemented model in three respects. Propane rejection is controlled via column
limit in the LP rather than as arow limit and the operating costs are merely entered into the objective

5Pace Petrochemical Service, Annual Issue, (Houston, TX, September 1989).

SEnergy Information Administration, Natural Gas Annual 1991, DOE/EIA-0131(91), (Washington, DC, October 1992) and
similarly, the Natural Gas Annuals for 1986-1990.
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function row rather than occupying two rows as the above depiction suggests. Of course these things are
shown in the above form for the sake of clarity. The mgor differenceisthat the wet gas balance row isan
equal zero row in the LP representation. There is a column representing pseudo purchases of wet gas with
aplus one in the wet gas balance row and minus the forecasted gas price in the objective function row. Of
course, this column is fixed at the determined level of processed wet gas.

F.3 Chemical Industry Demand for Methanol

Since the PMM includes methanaol plant modelsin each PADD representing al U.S. methanol capacity,
U.S. chemica industry demand (demand other than for MTBE/TAME feedstock and neat fuel) isa
required input. The Pace Consultants make long range forecasts of the chemical industry demand.” Their
forecast is:

Table F7. Chemical Industry Demand for M ethanol

Year Demand (M bbl/d) Year Demand (Mbbl/d)
1990 66.7 2008 1114
1991 73.7 2009 116.4
1992 72.0 2010 121.6
1993 734 2011 127.1
1994 74.8 2012 132.8
1995 76.6 2013 138.8
1996 78.0 2014 145.0
1997 79.5 2015 151.6
1998 81.0 2016 151.6
1999 82.6 2017 151.6
2000 84.2 2018 151.6
2001 85.8 2019 151.6
2002 87.6 2020 151.6
2003 89.4 2021 151.6
2004 934 2022 151.6
2005 97.6 2023 151.6
2006 102.1 2024 151.6
2007 106.6 2025 151.6

The methanol plant model in each PADD is represented by asingle column activity that consumes natural
gas and produces methanol. Two additional transportation activities allow the methanol produced to be
transported to the refining region for production of MTBE/TAME and/or splash blending in gasoline or
sent to meet the national demand for methanol by chemical plants. The model aso allows capacity
expansion of the methanol plant.

"Pace Petrochemical Service, Annual Issue, (Houston, TX, October 1992).
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F.4 Estimation of Refinery Fixed Costs

The marginal prices computed in the PMM by the use of the Simplex agorithm cannot be used directly to
determine the wholesale (refinery gate) price because they do not include the refinery source
environmental costs. These are expenditures incurred to satisfy regulations related to air and water
pollutants, solid waste management, and health and safety controls at refineries. Related costs are based on
estimates of capital investment, one-time, and operation and maintenance expenses provided in the 1993
National Petroleum Council Study.?

The NPC Study provides PADD level estimates of capital, one-time, and operating and maintenance
expenses over three time periods: 1991-1995, 1996-2000, and 2000-2010. Operation and maintenance
expenses existing prior to 1996 are not used as they are aready reflected in the fixed operating cost
estimates. The NPC estimates were converted to an annual average cost per barrel of distillation capacity
for inclusion as afixed cost (Table F8) The same fixed costs are assumed for forecast years 2011 through
2025.

The underlying NPC analysis reflects the actions described below:

Air related costsinclude attainment of ambient air quality standards (Title | of the Clean Air Act
Amendments), hazardous air pollutants (Title I1l, MACT standards), and permits (Title V/).°

Water related costsinclude technology required to satisfy toxicity requirements of the National
Pollution Discharge Elimination System (NPDES) authorized by the Clean Water Act. Costs for
additional measures to protect groundwater are also assumed.™

Solid waste related costs include remediation of contaminated soil at refineries sites, recovery and
monitoring wells, the listing of additional refinery wastes as hazardous, the closing of unlined
impoundments, and an assumed phased replacement of half the tanks over 40 years of age.™

Safety and health related costs includes an assumed phase-out of hydrofluoric akylation (hf)
plants due to the classification of hf as a highly hazardous material. Small costs associated with
implementing process hazards analysis are also contained in the NPC estimates.*

8National Petroleum Council, U.S. Petroleum Refining - Meeting Requirements for Cleaner Fuels and Refineries, Volume |
(Washington, DC, August 1993).

°Ibid, Section V-9-12.
O1hid, Section V-13.
Y1bid, Section V-16.
21hid, Section V-19.
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For comparative purposes NPC's estimated capital and OTE costs aggregated over 1991-2010 resultsin
total environmental investments of $43.5 billion. The NPC sum can be compared to estimated investments
published by the API,* by adding the API estimates for individual legislation that are consistent with NPC.
The NPC total fallsin the middle of the range of APl investments of $19.4 to $60.0 hillion.

Table F8. Refinery Source Environmental Costs, by PADD

(1987 $/bbl)
PADD | PADD I1 PADD |11 PADD IV PADD V
Annual Environmental Cost 0.48 0.47 0.38 0.70 0.48

A methodol ogy was developed to allocate refinery source environmental costs to the marginal prices of
light products (L PG, gasoline, kerosene, jet fuel, No. 2 heating oil, low-sulfur highway diesdl, and ultra-
low-sulfur highway diesdl) thusincluding fixed costs in the prices reported at the refinery gate. The heavy
products (residual oil, petrochemical feedstocks, asphalt, and other) are priced at their marginal cost due to
competition from other fuels. Fixed refinery costsin each PADD are estimated as the sum of fixed
operating costs, return on assets, and environmental costs associated with controlling pollution at refineries
(Table F8). The PADD costs were allocated to their prospective PMM regions.

The average annual cost is applied to all years and is recovered in the prices of light products only. A
variable cost methodology was investigated but was deemed to be an unnecessary complication. The costs
for each 5-year time period were estimated to vary by less than 1-cent per gallon but would require
significant changes to the model.

The methodology for allocating costs among light products is based on the concept of marginal cost and
was developed from a similar approach used by the Gas Research Institute (GRI ).** The steps used are as
follows:

@ Determine the environmental investment and operating costs.

2 Determine the marginal revenue from the LP solution that will recover the marginal cost
(the product of the marginal price of each product times the production volume).

(©)) Calculate ratios that will apportion the environmental coststo the light products marginal
prices.

4 Use the ratios from (3) to scale the marginal prices to refinery gate wholesale prices.

¥The sum of theinitial cost estimates in Costs to the Petroleum Industry of Major New and Future Federal Government
Environmental Requirements, American Petroleum Institute, Discussion Paper #070, (Washington, D.C., October 1991), Tables
ES-1 and ES-2. Aggregate estimates exclude product specification and off-site costs, and utilized minimum RCRA
reauthorization.

1Gas Research Institute, "U.S. Refining Model Methodology”, (May 1991).
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Equations: First, marginal revenueis determined for each refining region R:

REVLP(LP)r =VALUE(LP)r * VOLUME(LP)r

REVHP(HP)r =VALUE(HP)r * VOLUME(HP)g

where:

VALUE(LP) isthe marginal price for each light product (LP) that will bear the fixed cost
VALUE(HP) isthe marginal price for each heavy product (HP) that will not bear the fixed cost
VOLUME(LP) is the production volume for each light product

VOLUME(HP) is the production volume for each heavy product

TOTREVR = REVLP(LP);r + REVHP(HP);

Second, the total revenue required, including the fixed costs, FIXCOST is determined:

NTOTREVR = REVLP(LP)r + REVHP(HP)g +( FIXCOST&*VOLUME)
NLTREVR = NTOTREVR - REVHP(HP):

The last step isto calculate the refinery gate price for each light product:

GATEPR(LP)x = (NLTREVR//REVLP(LP)R) * VALUE(LP)&

F.5 Estimation of Distribution Costs

Costsrelated to distributing petroleum products to end-users are incorporated by adding fixed
transportation markups to the wholesale prices which include the variable and fixed refinery costs.
Transportation markups for petroleum products except gasoline are estimated as the average annual
difference between retail and wholesale prices. Due to an observable market shift before and after 1990,
the transportation markups for all products except gasoline are estimated based on data between 1990 and
2001. Dueto the requirement for oxygenated gasoline beginning in October of 1992, gasoline markups are
estimated with data beginning in 1993. The differences are based on wholesale pricesin the producing
Census division and end-use prices (which do not include taxes) in the consuming Census division.
Wholesale prices are aggregated from State-level prices from the EIA-782A. Sectoral end-user prices are
aggregated from State-level prices from the State Energy Price and Expenditures Report (SEPER) 1997.
End-use prices after 1997 are estimated according to the SEPER's methodology. Computer programs and
data files used to estimate transportation markups are discussed below.
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Data-Reading Programs

The following programs access EIA survey data and should be updated each year. Member names of SAS
data sets are given in parenthesis.

Program: PRJ.AIMPyy.ADF see APPENDIX H-10.

Program: PRJ6007.NEMSMARKUP.WHOLSALE

Files Read: PRJ6007.A.SASDB.STATE.AB
(IMPSTATA)
PRJ6007.A.SASDB.STATE.AB9495
(IMP94A)
(IMP95A)
PRJ6007.A.SASDB.STATE.AB9697
(IMP96A)
(IMP97A)
PRJ6007.A.SASDB.STATE.AB9899
(IMP98A)
(IMP99A)
PRJ6007.A.SASDB.STATE.AB0001
(IMPOOA)
(IMPO1A)
PRJ6007.NEMS.MARKUP.SASDB
(REGIONS)
(WHOLSALE)

This program reads databases containing State-level refiner wholesale prices from the EIA-782A. The
program & PRJ6007.A.IMPYY .ADF must be run prior to this step to update the database (see Appendix
H-3). A separatefileisread for data prior to 1994 because the 782 data was kept in a different data
system. Due to the number of data, prices for each year are kept in a separate file. Wholesale prices for
asphalt and road oil, diesel (low sulfur), digtillate fuel, gasoline, jet fuel, kerosene, liquefied petroleum
gases, and residual fuel oil are aggregated into Census division prices (centg/gallon) and output to the
NEMS database for other markup programsto access. Program last run April 27, 2002.

Program: PRJ6007.NEM SMARKUP.EIA782.READ
Files Read: PRJ6007.A.SASDB.STATE.AB9495
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(IMP94B)

(IMP95B)
PRJ6007.A.SASDB.STATE.AB9697

(IMP96B)

(IMP97B)
PRJ6007.A.SASDB.STATE.AB9899

(IMP98B)

(IMP99B)
PRJ6007.A.SASDB.STATE.AB9899

(IMPOOB)
PRJ6007.NEMS.MARKUP.SASDB

(REGIONS)

(PRODE)

This program updates retail prices on the NEMS database using the most recent data from the EIA-782A
contained in IMPOO, IMPOL1. The State-level prices for gasoline, diesdl (low sulfur), distillate, kerosene,
jet fuel, high and low sulfur residual fuel, and liquefied petroleum gases for the most recent years are
aggregated into regional prices and added to data for previous years (using PRODE). The programis
updated by revising files and incrementing Y EAR in line 82. Contact Tammy Heppner (586-4748) of the
Petroleum Marketing Division of the Office of Oil and Gas concerning the EIA-782 data which is
available in March. Program last run on April 27, 2002.

Program: PRJ6007.NEM S.MARK UP.GDP87
Files Read: PRJ6007.NEMS.MARKUP.SASDB
(GDPS7CH)

This program updates the chain weighted GDP deflators (1987 base) in the NEM S database. Program
should be rerun after adding most recent year's deflator.

Program: PRJ6007.NEM S.MARKUP.CREATE.CONFAC

Files Read: PRJ6007.NEMS.MARK UP.SASDB
(CONVERS4 through CONVER00)

This program provides annual conversion factors for each product. Factors for the most recent year of the
should be added to the data based on the Monthly Energy Review, Table A3. These conversion factors are
accessed by the SEPER.READ programs. The Ipg and gasoline factors are updated based on the SEDS.

Program: PRJ6007.NEM SMARKUP.SEPER.READ
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Files Read: SSE6007.SEPER90S.PRN
PRJ6007.NEMS.MARKUP.SASDB
(CONVERS84 through CONVER97)
(SEPER97) contains data from 1990-1997

This program reads State-level prices by sector from SEPER data query provided by Julia Hutchins of
Energy Markets and End-Use. The query dsnlist includes the following:

ARICB ARICD ARICV AVACB AVACD
AVACV DFACB DFACD DFACV DFCCB
DFCCD DFCCV DFEUB DFEUD DFEUV
DFICD DFICV DFISB DFRCB DFRCD
DFRCV FNICB FNICD FNICV FOICB
FOICD FOICV FSICB FSICD FSICV
JFACB JFACD JFACV JFEUB JFEUD
JFEUV KSCCB KSCCD KSCCD KSICB
KSICD KSICV KSRCB KSRCD KSRCV
LGACB LGACD LGACV LGCCB LGCCD
LGCCV LGICD LGICV LGISB LGRCB
LGRCD LGRCV LUACB LUACD LUACV
LUICB LUICD LUICV MGACB MGACD
MGACV MGCCB MGCCD MGCCV MGICB
MGICD MGICV MSICB MSICD MSICV
PCEUB PCEUD PCEUV PCICD PCICV
PCISB RFACB RFACD RFACV RFCCB
RFCCD RFCCV RFEUB RFEUD RFEUV
RFICD RFICV RFISB SNICB SNICD
SNICV WXICB WXICD WXICV

The datais provided in an Excel file, after the top line is removed and the columns are formatted with 3.0
with right alignment, they are saved as prn files and ported to the mainframe viaftp. On the mainframe
these files must be resaved as card. The SEPER.READ programs puts the datainto the NEM S database.
Prices are accessed for the following products:

gasoline (mg)
distillate (df)
kerosene (ks)
residua fuel (rf)
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liquefied petroleum gases (1g)
jet fuel (jf)

asphalt and road oil (ar)
petrochemical feedstocks (fs)
naphtha feedstocks (fn)

other feedstocks (fo)

Program: PRJ6007.NEM SMARKUP.READ.F759

Files Read: PRJ6007.NEMS.MARKUP.SASDB
(REGIONS)
(E759Y 85 through E759Y 99, E7592000, E7592001)
PRJ6944.F759.MAST 2001, file has four digit year

This program reads monthly volumes of distillate, low and high sulfur residual fuel consumed by electric
utilities from EIA-759. The volumes are by State and are in gallons. The program annualizes the volumes
and assigns them to Census divisions. Contact Melvin Johnson (202)287-1754. Program last run June 10,
2002.

Program: PRJ6007.NEM S.MARK UP.READ.F423
Files Read: PRJ6501.F423.EX1984.DATA through EX2001.DATA
PRJ6007.NEMS.MARKUP.SASDB
(EUSTATE)
(UTDIV)

This program reads State-level quantities and costs of distillate, and high and low sulfur residual fuel
consumed by electric utilities from FERC Form 423. The quantities and costs are converted to atrillion
Btu basis and assigned to Census divisions. Contact Ken McClevey (202)287-1732. Program last runin
June 11, 2002. Note: the survey has fewer and fewer respondents due to deregulation.

Program: PRJ6007.NEM SMARKUP.SEDSVOL .READ

Files Read: PRJ6007.SEDS99A.PRN (spreadsheet saved as space delimited text, format right
aligned number 3.0)
PRJ6007.SEDS99B.PRN (spreadsheet saved as space delimited text, format right
aligned number 3.0)
PRJ6007.NEMS.MARKUP.SASDB
(ARVOL)
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(GASVOL)
(DSVOL)
(KERVOL)
(LPGVOL)
(RSVOL)

This program reads the files that are a subset of the most recent SEDS file, provided by EMEU staff. The
program updates members of the SAS database with the most recent volumes of the individual products by
sector, and state. Updated data not available for AEO2003 data processing.

Markup Estimating Programs

All "CALC" programs calculate markups as the difference between a products retail and wholesale price in
each Census division and sector. The estimated markups are output to PRI6007.NEMS.MARKUP.
SASDB in 1987 dollars per trillion Btu. The output file from each program contains the variables
PRODPMM, SECTOR, CENDIV, MEAN, AND STDERR.

Census Division "99" represents national data and Sector "ZZ" represents all sectors. The following table

describes the source programs for petroleum product markups:

Table F9. Markups Output

Products Sectors Markup Program File Name on
MARKUP.SASDB

DS CM,IN,RS, TR, ZZ PMM.CALC MARKPMM

JF TR, ZZ PMM.CALC MARKPMM

MG CM,IN, TR, ZZ PMM.CALC MARKPMM

AR IN, ZZ ASRO.CALC MARKAR

KS CM, IN, RS, 27 KERO.CALC MARKOTH1

LG CM,IN,RS, TR, ZZ LPG.CALC MARKLPG

RL CM, IN RESID.CALC MARKRL

RH TR RHTR.CALC MARKRH
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Products Sectors Markup Program File Nameon
MARKUP.SASDB

DS EU ELECUTIL.CALC MARKELEC

RL EU ELECUTIL.CALC MARKELEC

RH EU ELECUTIL.CALC MARKELEC

Note: DS TR is 85 percent low sulfur diesel, DSIN is assumed 50 percent low sulfur.

Program:

Files Read:

This program uses retail gasoline, diesel (low sulfur), distillate, and jet fuel prices and volumes originating
from the EIA-782A. Commercia and industrial gasoline prices are estimated by weighting the EIA-782

PRJ6007.NEMS.MARKUP.PMM.CALC

PRJ6007.NEMS.MARKUP.SASDB

(PRODE)

(WHOLSALE)

(GDPS7CH)

(GASVOL)

(CONVERS4 through CONVER99)
(RGALSY?)

(MGBTU)

(MARKPMM)

end-user (transportation) prices with SEDS volumes for these two sectors. Commercia and industrial
gasoline volumes for 1999 are used to represent 2000 and 2001, since SEDS stops with 1999 data.
Didtillate and jet fuel markups are estimated as the average annual difference between end-use and

wholesale prices for the years 1990 forward. Jet Fuel datafrom 1990, Census Divisions 3, 5, and 6 are
dropped because the Gulf War resulted in a price spike. Due to a break in the data trend resulting from
Clean Air Act requirements, gasoline markups are estimated based on data from 1992 forward. Program

last run April 27, 2002.

To update:

Program:

Files Read:

After updating "data" programs, revise this program to utilize more recent SEDS volumes
by adding another data set that reads GASVOL00. Use CONVERO0O and increment all

year dependent formulas.

PRJ6007.NEMSMARKUP.ASRO.CALC

PRJ6007.NEMS.MARKUP.SASDB

(PRODE)
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(WHOLSALE)

(SEPERS9)

(SEPER97)

(PRODE)

(GDPS7CH)

(CONVERS4 through CONVERO01)
(RGALS2)

(ARBTU)

(ARGAL)

(MARKAR)

This program uses State-level asphalt and road oil pricesto the industrial sector from SEPER through
1997. End-use pricesfor 1998-2001 are estimated using annual changesin the EIA-782 high sulfur
residual fuel prices. Pricesfor each Census Division are calculated using 1997 volumes from the SEDS.
Price estimates are weighted using 1999 volumes. Markups are estimated as the average annua difference
between end-use and wholesale prices for the years 1990 forward. Census Division 8 datafor 1990 are
dropped as an outlier. Program last run April 29, 2002.

To update: After updating "data" programs, revise this program to utilize more recent data. Use
updated conversion factors, and increment all year dependent formulas. More recent
SEPER prices should be available so only estimate prices for years SEPER is unavailable.

Program: PRJ6007.NEMSMARKUP.KERO.CALC

Files Read: PRJ6007.NEMS.MARKUP.SASDB
(PRODE)
(WHOLSALE)
(SEPERS9)
(STATE9?)
(PRODE)
(KEROVOL)
(GDPS7CH)
(CONVERS4 through CONVER99)
(KEROGAL)
(KEROBTU)
(MARKOTHZY)

This program uses State-level kerosene pricesto the residential, commercial, and industrial sectors from
SEPER through 1997. End-use pricesfor 1998, 1999, and 2000 are estimated using the 1997, 1998, 1999,
and 2000 changesin the EIA-782 distillate prices. Markups are estimated as the average annual difference
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between kerosene end-use and distillate wholesale prices for the years 1990 forward. Program last run
April 29, 2002. The kerosene historical price data series was re-estimated in 2000.

To update: After updating "data" programs, revise this program to utilize more recent data. Use
updated conversion factors, and increment all year-dependent formulas.

Program: PRJ6007.NEMSMARKUP.RESID.CALC

Files Read: PRJ6007.NEMS.MARKUP.SASDB
(PRODE)
(WHOLSALE)
(SEPERS9)
(SEPER97)
(GDPS7CH)
(CONVERS4 through CONVERO01)
(RSGAL)
(RSBTU)
(MARKRL)

This program uses State-level residual fuel pricesto the commercial, and industria sectors from SEPER
through 1997. End-use prices for 1998-2001 are estimated using the 1997, 1998, 1999, 2000, and 2001
changesin the EIA-782 low sulfur residual fuel prices. Price estimates are weighted using 1999 volumes.

Markups are estimated as the average annual difference between low sulfur end-use prices and aggregate
residual fuel wholesale prices for the years 1990 forward. Program last run May 1, 2002.

To update: After updating "data" programs, revise this program to utilize more recent data. Use
updated conversion factors, and increment all year dependent formulas. More recent
SEPER prices should be available so only estimate prices for years that SEPER is
unavailable.

Program: PRJ6007.NEMSMARKUP.RHTR.CALC

Files Read: PRJ6007.NEMS.MARKUP.SASDB
(PRODE)
(WHOLSALE)
(SEPERS9)
(SEPER97)
(PRODE)
(REGIONS)
(EUSTATE)
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(RSVOL)

(GDPS7CH)

(CONVERS4 through CONVERO01)
(RSTRGAL)

(RSTRBTU)

(MARKRHTR)

This program uses State-level residual fuel pricesto the transportation sector from SEPER through 1997.
End-use prices for 1998-2001 are estimated using average residual fuel prices to electric utilities according
to SEPER's methodology. The average Census Division prices to utilities are multiplied by the ratio of
national high sulfur price from the EIA-782 to the national residual fuel price to utilities from F-423.
Prices estimates are weighted by 1999 SEDS resid transportation volumes. Markups are estimated as the
average annual difference between high sulfur end-use prices and aggregate residual fuel wholesale prices
for the years 1990 forward. Program last run on June 11, 2002.

To update: After updating "data" programs, revise this program to utilize more recent data. More
recent SEPER prices should be available so only estimate prices for yearsthat SEPER is
unavailable. Use updated volumes and conversion factors, and increment all year
dependent formulas.

Program: PRJ6007.NEMSMARKUP.LPG.CALC

Files Read: PRJ6007.NEMS.MARK UP.SASDB
(PRODE)
(WHOLSALE)
(SEPERS9)
(SEPER97)
(PRODE)
(REGIONS)
(LPGVOL)
(GDPS7CH)
(CONVERS4 through CONVER99)
(LPGGAL)
(LPGBTU)
(MARKLG)

This program uses State-level SEPER prices for liquefied petroleum gases to the commercial, industrial,
transportation, and residential sectors for 1989 through 1993. Post-1993 prices for all sector's are the 782
sector prices, because the 782 began carrying sector datain 1994. Markups are estimated as the average
annual difference between end-user LPG prices and wholesale prices for the years 1990 forward. Program
last run May 1, 2002.
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To update: After updating "data" programs, revise this program to utilize more recent data and
updated conversion factors.

Program: PRJ6007.NEM SMARKUP.ELECUTIL.CALC

Files Read: PRJ6007.NEMS.MARK UP.SASDB
(PRODE)
(WHOLSALE)
(SEPERS9)
(STATE9?)
(PRODE)
(REGIONS)
(UTDIV)
(E759Y 84 through E759Y 99, E7592000, E7592001)
(GDPS7CH)
(CONVERS4 through CONVERO01)
(EURFRGAL)
(EURFBTU)
(MARKELEC)

This program uses State-level SEPER prices for digtillate, high sulfur, and low-sulfur residual fuel to
electric utilities through 1997. End-use prices for 1998-2001 are estimated using SEPER's methodol ogy.
The program breaks residual fuel consumption from the EIA-759 into high and low sulfur using a high/low
sulfur breakout estimated from the FERC Form 423. The estimated high- and low-sulfur residual fuel
volumes are used to estimate weighted average pricesto the utility sector.

Markups are estimated as the average annual difference between pricesto utilities and wholesale prices for
the years 1990 forward. The average markup for commercial high sulfur residua fuel in Census Division
8 excludes 1997 as an outlier. Note: the number of EI-759 respondents has declined significantly as non-
utility generators have increased. It isuncertain how this affects prices. Program last run on June 11,
2002.

To update: After updating "data" programs, revise this program to utilize more recent data. Add
dataset E759Y 02.

Program: PRJ6007.NEM SMARKUP.CREATE.HISTORY

Files Read: PRJ6007.NEMS.MARKUP.SASDB
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(MGBTU)
(DSBTU)
(LPGBTU)
(RSBTU)
(RSTRBTU)
(KEROBTU)
(ARBTU)
(EURFBTU)
(HISTMARK)
(HSTDOLO1)
PRJ6007.NEMS.MARKUP.MU1PRDS.HIST.D061102A

This program pulls together historical markups from 1990 forward, transposes them and outputs them to a
filein 1987 dollars (HISTMARK) and another filein 2001 dollars (HSTDOL01). M85 prices are no
longer projected, so no need to update. E85 uses a markup estimated from retail data from Oxyfuel News.
The E85 markups are estimated in E85.wk4. Program last run on June 12, 2002.

Program: PRJ6007.NEMSMARKUP.CREATE.FLATFILE.AEOOQ3

Files Read: PRJ6007.NEMS.MARKUP.SASDB

(MARKPMM)

(MARKLPG)

(MARKRL)

(MARKRHTR)

(MARKOTH1)

(MARKAR)

(MARKELEC)

(HISTMARK)

(HSTDOLO1
PRJ6007.MARKUP.NEMS.MU1AEO03.d061402A
PRJ6007.NEMS.MARKUP.DOL01.AE002.D061402A

This program pulls together the markups for each product, transposes the data and outputs it to a file used
by NEMS (MU1PRDS). M85 uses the gasoline markup in cents per gallon, converted to btu's. E85 usesa
markup estimated from retail data from Oxyfuel News. The E85 markups are estimated in E85.wk4.
Additional distribution costs are added to transportation distillate markups starting in 2006 to account for
ultra-low-sulfur-diesel requirements. Converts the markups into 2001 dollars and outputsto afile. Saveas
Irecl=120.

To update: Update the GDPCH87 deflator, GDPDEFO00 and year dependent statements.
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F.6 Estimation of Taxes

In the PMM, taxes are added to the prices of gasoline, transportation distillate fuel (diesal), transportation
liquefied petroleum gases (LPG), and jet fuel. Taxes are also estimated for and E85 (transportation
ethanol) and a placeholder is used for M85 (transportation methanol) because M85 prices are no longer
projected by PMM. Weighted averages of the most recently available State and Federa taxes are
developed for each Census division. The State taxes are fixed in real terms; the Federal taxes decline at
the rate of inflation (i.e., Federal taxes are fixed in nominal terms). An additional 2 cents per gallonis
added to the State gasoline taxes to approximate local taxes. Historical values are also calculated for
gasoline, transportation distillate, jet fuel and LPG, which are then added to historical end-use prices
excluding taxesin order to develop a series with taxes included. The State taxes, including both historical
and projected series by sector, product, and year, are contained in following file, which resides in the
default input directory:

MU2PRDS

The Federal taxes are read into the PMM from file:

QDCRDCF

and are updated each forecast year by deflating the current value by the rate of inflation for that forecast
year.

The following section traces the development of the taxes and lists the files used to produce both historical
and forecast values. The historical data are developed on a monthly basis by State, and then aggregated to
volume-weighted annual averages by Census division. The outputs specified are members of the following
SAS database unless otherwise stated:

PRJ6007.NEM S TAX.SASDB
Program: PRJ6007.NEMS.TAX.Dyymm
I nputs: semi-annual tax information from the Federal Highway Administration and other sources
Outputs: STyymmS
STyymmM

where yymm refers to years 84 through 2001, and months 01 and 07 (except for 1990
when the months are 01 and 08)
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Sour ces. gasoline Federal Highway Administration, Table MF-121T
diesd Federal Highway Administration, Table MF-121T
contact: Marcia Reynolds at FHA 202-366-5029.

State-level taxes are obtained from the Federal Highway Administration on a semi-annual basis (see
www.fhwa.dot.gov/ohim/novmmfr.pdf), usually reflecting taxes as of January 1 and July 1, supplemented
by information from EIA’s Petroleum Marketing Monthly and the Clean Fuels Report. The Clean Fuels
Report no longer publishes atax table but the table is available to subscription holders on their website.

We assume that taxes remain at the same level for the 6 months following each semi-annual report, unless
information on effective dates of tax changesis provided. Thus, the tax level reported for say, 9207, is
kept at the same amount for 9208-9212. The file STyymmS contains data for 1 month, while the file
STyymmM reproduces the results for the subsequent 6 months, taking into account tax changesto the
extent that they are known.

Program: PRJ6007.NEMS.TAX.DLPJTyy

Inputs: State-level LPG and jet fuel taxes collected once each year

Outputs: STLPRITyy

Sour ces. Jet fue Petroleum Marketing Division, Maureen Klein 301-495-8440
LPG Federal Highway Administration, Table MF-121T

The annual tax datafor jet fuel and LPG beginin 1995. A snapshot of annual taxesis reproduced for each
month to create files with the same data for each month.

Program: PRJ6007.NEM S.TAX.M85E85
Inputs: State-level M85 and E85 taxes collected once each year
Outputs: STM8E8yy
Sour ces: M85 Clean Fuels Report
E85 Clean Fuels Report

The annual tax datafor M85 and E85 begin in 1997. The Clean Fuels Report no longer publishes a tax
table but the table is available to subscription holders on their website
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Program:

Inputs:

Outputs:

PRJ6007.NEMS. TAX.CALC95B
Due to work space issue, this file needs to be broken into two files.

PRJ6007.NEMS.TAX.SASDB
PRJ6007.NEMSMARKUP.SASDB
PRJ6007.A.SASDB.STATE.AB
PRJ6007.A.SASDB.STATE.AB9495
PRJ6007.A.SASDB.STATE.AB9697
PRJ6007.A.SASDB.STATE.AB9899
PRJ6007.A.SASDB.STATE.AB0O001

StyymmM for years 1984 to current

IMPSTATB, afile containing State-level refiner and marketer prices for petroleum
products

IMPSTATA, afile containing State-level sales of petroleum products, which are used as
weightsin calculating weighted averages

IMPyyB, afile containing State-level refiner and marketer prices for petroleum products
for years 1994 and later

IMPyyA, afile containing State-level sales of petroleum products, which are used as
weights in calculating weighted averages, for years 1994 and later

REGIONS, maps States to Census Divisions

GDP87, GDP deflators for conversion to constant dollars

STGAS MO
STDES MO
STLPG_MO
STJET_MO

The CALC program pulls together the monthly tax information and calculates Federal, State, and total
taxes by month and State in cents per gallon and dollars per million Btu for both nominal and constant
1987 dollars. The program was revised in 1997 to incorporate State taxes for LPG and jet fuel back to
1995. Salesvolumes and regional designations are added to facilitate volume weighting across time and
regions as required. Refiner and marketer volumes are used to weight L PG taxes as Census Division 1 and
2 datawere missing in the A (refiner only) data. Product files are calculated and output separately. The
programs were adjusted to incorporate changesin the EIA-782 database starting with the 1994 data.

Energy Information Administration
NEM S Petroleum Market M odel Documentation PageF - 27



Program: PRJ6007.NEMS.TAX.YRREG

Inputs: STGAS MO
STDES MO
STLPG_MO
STIJET_MO

Outputs: STGAS YR
STDES YR
CDGAS YR
CDDES_YR
STLPG_YR
STJET_YR
CDLPG_YR
CDJET_YR

The YRREG program takes the State monthly tax files created in the CALC program and develops
weighted average annual taxes by State, then averages across Census divisions and outputs annual average
taxes by Census division. The Census division annual averages are used to develop historical end-use
prices including taxes by adding the calcul ated taxes to ex-tax prices from the Petroleum Marketing
Monthly. The program was adjusted to incorporate changes in the EIA-782 database starting with the 1994
data.

Program: PRJ6007.NEM S.TAX.FORECAST

Inputs: STGAS MO
STDES MO
STGAS YR
STDES YR

Outputs: GASCAST
DIESCAST

The FORECAST program uses the latest tax information, combined with the most recent year of sales
data, and devel ops Census division weighted-average taxes which are used for the forecast. The latest tax
information isin thefile:

PRJ6007.NEMS.TAX.DCURR
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The outputs include both nominal, constant 1987, and constant dollar denominations for the current AEO
year in both cents per gallon and dollars per million Btu.

Program:

PRJ6007.NEMS.TAX.FORECAST .E85
PRJ6007.NEMS.TAX.FORECAST.JET
PRJI6007.NEMS.TAX.FORECAST.LPG
PRJ6007.NEMS.TAX.FORECAST.M85

These programs perform the same function as the FORECAST program above, but for the transportation
fuelsindicated. The comparable datafiles are the following:

Inputs:

Outputs:

PRJ6007.NEMS.TAX.SASDB:STGAS YR
PRJ6007.NEMS.TAX.SASDB:STLPGJTO01
PRJ6007.NEMS.TAX.SASDB:STM8E801,STM8E801
PRJ6007.NEMS.MARKUP.SASDB:REGIONS
PRJ6007.NEMS.A.SASDB.STATE.AB0O001:IMPO1A
PRJ6007.NEMS.A.SASDB.STATE.AB0001:IMP019B (use for LPG
because CD’s 1 AND 2 EI-782A data are missing)

PRJI6007.NEMS.TAX.SASDB:LPGCAST
PRJ6007.NEMS. TAX.SASDB:JETCAST
PRJI6007.NEMS. TAX.SASDB:E85CAST
PRJI6007.NEMS. TAX.SASDB:M85CAST

Note higher Census Division 1 taxesin 2001 are due to new terminal opening in RI, resulting in increased

volume.

Program:

Inputs:

Outputs:

PRJ6007.NEMS.TAX.CREATE.HISTORY
(contains State tax data only)

CDGAS YR
CDDES_YR
CDLPG_YR
CDJET_YR

PRJI6007.NEMS. TAX.SASDB:HISTFILE

This program takes historical Census division taxes and creates afile that has the same format as the input
tax file of the PMM (MU2PRDS), but only for the historical years.
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Program: PRJ6007.NEMS.TAX.CREATE.FLATFILE
(contains State tax data only)

Inputs: &PRJIGO07.NEMS. TAX.SASDB:GASCAST
&PRJGO07.NEMS. TAX.SASDB:DIESCAST
&PRJ6007.NEMS. TAX.SASDB:LPGCAST
&PRJ6G007.NEMS. TAX.SASDB:JETCAST
&PRJ6G007.NEMS. TAX.SASDB:ES5CAST
&PRJGO07.NEMS. TAX.SASDB:M85CAST

Outputs: PRJI60O07.NEMS.TAX. TAXFILE

This program takes the Census division taxes to be used in the forecast plus the historical taxes from
HISTFILE and creates afile (MU2PRDS) that is used asinput to the PMM. Savefile aslrecl=120.

F.7 Gasoline Specifications

The PMM models the production and distribution of three different types of gasoline: conventional,
oxygenated, and reformulated. The following specifications are included in PMM to differentiate between
conventional and reformulated gasoline blends: octane, oxygen content, Reid vapor pressure (RVP),
benzene content, aromatic content, sulfur content, olefin content, and the percent evaporated at 200 and
300 degrees Fahrenheit (E200 and E300).

The sulfur specification for gasoline is reduced to reflect recent regulations requiring the average annual
sulfur content of all gasoline used in the United States to be phased-down to 30 ppm between the years
2004 and 2007. PMM assumes that RFG has an average annual sulfur content of 135 ppm in 2000 and
will meet the 30 ppm requirement in 2004. The reduction in sulfur content between now and 2004 is
assumed to reflect incentives for “early reduction.” The regional assumptions for phasing-down the sulfur
in conventional gasoline account for less stringent sulfur requirements for small refineries and refineriesin
the Rocky Mountain region. The 30 ppm annual average standard is not fully realized in conventional
gasoline until 2008 due to allowances for small refineries.

Starting in 1998 the specifications for conventional gasoline reflect the Environmental Protection Agency's
(EPA) "1990 basdline." These specifications prevent the quality of conventional gasoline from eroding
over time, which isthe intent of the EPA's "antidumping" requirements.

Oxygenated gasoline, which has been required during winter in many U.S. cities since October of 1992,
reguires an oxygen content of 2.7 percent by weight. Oxygenated gasoline is assumed to have
specifications identical to conventional gasoline with the exception of a higher oxygen requirement. Some
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areas that require oxygenated gasoline will aso require reformulated gasoline. For the sake of simplicity,
the areas of overlap are assumed to require gasoline meeting the reformulated specifications.

Reformulated gasoline has been required in many areas of the United States since January 1995.

Beginning in 1998, the EPA has certified reformulated gasoline using the "Complex Model," which alows
refiners to specify reformulated gasoline based on emissions reductions either from their companies 1990
basaline or from the EPA's 1990 basdline. In 2000 the Complex Modd was tightened to require further
emissions reductions. The PMM uses a set of specifications that meet these “Phase 1" Complex Model
reguirements, but it does not attempt to determine the optimal specifications that meet the Complex Maodel.

The State of California currently uses its own set of performance based gasoline standards instead of the
Federal Complex Model standards. The PMM assumes that all West Coast refiners must meet the current
Cdlifornia Air Resources Board “CARB 2" requirements until 2003 when anew set of “CARB 3"
requirements will take their place. The CARB 3 standards reflect the removal of the oxygen requirement
designed to compliment the State’s plans to ban the oxygenate, methyl tertiary butyl ether (MTBE) by the
end of 2003. Because MTBE is currently the main source of oxygen for gasoline in the State, California
has petitioned the EPA for awaiver to the Federal RFG oxygen requirement. As EPA denied the waiver
request, PMM reflects no oxygen waiver in the areas of California covered by the Federal reformulated
gasoline program: Los Angeles, San Diego, Sacramento, and the recently added San Joaquin Valley. In
effect, these areas must use ethanol to meet the oxygen requirement. Other areas of California, do not have
an oxygen requirement but use oxygenates because of their octane boosting, and volume extending
properties. RFG in the areas with the Federal oxygen requirement is classified in the PMM as “RFG,”
while CARB gasoline in other areas is classified as “RFH.”

AEO2003 reflects legidation which bans or limitsthe use of MTBE in 17 States:. Arizona, California,
Colorado, Connecticut, lllinois, Indiana, lowa, Kansas, Kentucky, Michigan, Minnesota, Missouri,
Nebraska, New Y ork, Ohio, South Dakota, Washington.™ Since the oxygen requirement on RFG is
assumed to continue in these States, the MTBE ban is modeled as a requirement to produce ethanol
blended gasoline in the CHGDMDS subroutine.

Arizona also has a reformulated gasoline program for the Phoenix area which is mandated by State law.
Phoenix had previously been part of the Federal RFG program but opted out when State requirements were
adopted. Phoenix isrequired to use CARB in the winter but may use either CARB or Federal RFG in the
summer. Arizonaisin adifferent mode region than California and, for the sake of simplicity, is assumed
to use RFG mesting Federal specifications.

Annual Average RVP Methodology

™ Maine has passed |egislation that provides a“goal” of phasing-out MTBE. Since the legislation is not binding,
Maineis not included in AEO2003 assumptions.
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The annual average RV P limits are derived based on existing summertime requirements and estimated
wintertime levels. The assumed summer and winter RV P specifications had been annualized by simple
averaging using summer and winter weights provided by the EPA.'® However the cost of reducing RVP
may not be alinear function. Therefore, utilizing the Petroleum Market Model, a methodology based on
margina costs was developed to compute an RV P specification to represent the annual average. The PMM
was configured to run two separate cases for summer and winter using the appropriate product
specifications and demands for each season. The summer and winter marginal costs for gasoline obtained
from the two runs were averaged (weighted by demand) to produce a target annua cost. The PMM (re-
configured for annual demands) was then run iteratively, varying RV P until the modd produced marginal
gasoline costs that were significantly similar to the target cost. The resulting RV P specifications were then
reduced by 0.3 psi to reflect pipeline requirements that are tighter than the EPA limits. The RVP
specifications used in the PMM are shown in Table F10. The lower RVP specificationsin PADD V
reflect more stringent Californialimits that are imposed statewide.

Table F10. Estimated Annual Reid Vapor Pressure

Gasoline Market/Type Simple Average Annual RVPin PMM

PADD I-1V PADD V PADD | PADD I1-1V PADD V
Conventional 10.2 9.2 9.7* 9.8* 9.2
Oxygenated 10.2 9.2 11.0 11.0 9.2
Reformulated 9.1 8.7 8.6 8.6 7.9

*Qriginaly 10.0, adjusted to reflect “boutique fuels” with lower RV P requirements in some areas.
Source: Unpublished EPA data, July 2001.

Complex Model Standards for Motor Gasoline

%The summer weight of 0.396 and winter weight of 0.604 were provided by Dave Korrotney of EPA (313-668-5507).
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The Environmental Protection Agency (EPA) has promulgated regulations for reformulated motor gasoline
that are designed to lower vehicle emission pollutants as required by the amended Clean Air Act of 1990."
The reformulated gasolines are designed to reduce vehicle emissions of toxic and ozone-forming
compounds. Reformulated gasoline must be sold in certain regions where there are severe ozone problems
aswell asin areas with less severe ozone problems which opt into the program. Conventional gasoline
may be sold elsewhere but it must not be more polluting than it was in 1990. These areas are discussed
elsewhere in the documentation. Although the EPA has established some conventionally treated
specifications, namely minimum oxygen content and maximum benzene content, the conceptual aspect of
the emission standardsiis that the reformulated gasoline must be blended in such away that it meets
maximum allowable emissions of volatile organic compounds (VOCs), nitrous oxides (NO,), and toxics.
These motor gasoline standards are calculated by complex formulae based upon key properties of the
gasoline blend. The regulations cover Phase | (1 January 1995 through 31 December 1999) and Phase Il
(1 January 2000 and afterwards). The model uses a set of specifications that meet emissions requirements
for Phase Il of the Complex Model. Also, the refiner may meet the requirements for VOCs and NO, on
either a per gallon basis or on an average basis although some per gallon constraints still apply. The
average basis has been incorporated into the model.

1Federal Register, Environmental Protection Agency, Regulation of Fuels and Fuel Additives;Standards for Reformulated and
Conventional Gasoline; Final Rule, Part 11, 40 CFR Part 80, (Washington, DC, 16 February 1994)
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The NO, and toxics emission standards for reformulated gasoline apply year-round whereas the VOC
standards apply only in the summer. The NO, standard varies depending upon whether the VOC standards
apply, i.e. depending upon whether it is summer or winter. The VOC standard for the north®® is different
from the VOC standard applying to the south, greater volatility is allowed in the north. The Complex
Model Averaged Standards are shown below in Table F11.

TableF11. Complex Model Standards

Phase Phasell
1995 - 1999 2000+
VOC Reduction, %
South > 36.6 >29.0
North >17.1 > 274
NO, Reduction, %
Summer > 15 > 6.8
Winter > 15 > 15
Toxics Reduction, % > 16.5 > 215
Oxygen, wt% > 21 > 21
Benzene, % < 0.95 < 0.95

Source: U. S. Environmental Protection Agency 40 CFR Part 80, Regulation of Fuels and Fuel Additives:
Madifications to Standards and Requirements for Reformulated and Conventional Gasoline.

These standards were trand ated into conventionally configured specifications for blending motor gasoline.
First, two winter specifications were developed, one for Phase | and one for Phase II. Of course, the VOC
standard was excluded from consideration. Then four summer specifications were created, a south set and
anorth set for Phase | and similarly for Phase II. Specifications for Phase | were used in prior forecasts for
years up to 1999. PMM currently uses only the Phase || specifications as 2004 istheinitial forecast year.
The sulfur specification is adjusted to reflect the regulations requiring the reduction of sulfur in gasoline.
RFG is assumed to reach the target of 30 ppm sulfur by 2004.

Bror the sake of simplicity, we use the terms south and north to refer to EPA regions 1 and 2 respectively. Region 1 is covered
by ASTM Class B while Region 2 is covered by Class C.

Energy Information Administration
NEM S Petroleum Market M odel Documentation PageF - 34



These sets were devel oped by use of a spreadsheet, developed by EPA, which calculates the VOCs, NO;,
and Toxics of areformulated gasoline as a function of the ‘conventional’ properties of the gasoling, i.e. asa
function of RVP, sulfur content, oxygen content, aromatics content, olefins content, benzene content,
percent evaporation at 200 degrees Fahrenheit (E200), and percent evaporated at 300 degrees Fahrenheit
(E300). The approach wasto start with 'best informed guess properties and use trial and error to gradually
expand the allowable property limits. The blend properties cited as typical fuelsin an EPA presentation®®
served as the starting values for both Phases | and I1. The same starting point was used for both winter and
summer. Table F12, following a chart developed by the EPA, % indicates the directional sensitivities of the
properties on the standards. Of course, a more rigorous approach is possible in establishing the
specification sets. For instance, one might perform incremental changes over the reformulated gasoline
properties followed by computer runs to establish minimum cost specifications. However, this approach
was not implemented due to resource constraints.

Table F12. Directional Emission Effects of Gasoline Property Changes

Property VOC NOy Air Toxics
RVP | L - !
Sulfur | l L I
Aromatics ! l l N
Olefins | - l -
E200 1 l 1 l
E300 1 l - -
Oxygen 1 - - Il
Benzene | - - L

The PMM isan annual model, i.e. it does not have seasonality. A decision was made to develop, for
PADDs -1V, asingle reformulated gasoline specification for Phase | simulation and a single specification
for Phase Il. Thisrequired several actions. The two summer sets for Phase | were linearly blended by
compositing the projected gasoline sales-weighted south specifications to the appropriately weighted
specifications of the north. The resulting two sets of specifications for Phase |, one for summer and one for
winter, were then composited after weighting them according to summer sales and winter sales

¥C.L. Gray, "Reformulated Gasoline Final Rulemaking and Renewable Oxygenate Proposal," Proceedings of The World
Conference on Refinery Processing and Reformul ated Gasoline, March 22-24, 1994, |nformation Resources, Inc.

D1 bid.
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respectively. The Phase Il specifications were collapsed to a single set in the same manner. The
composites were calculated in a spreadsheet maintained by the Oil and Gas Division. This specification
was adapted from the presentation made by Charles L. Gray at the conference cited above. The resulting
reformulated gasoline specifications are shown in Table F13. It is, of course, a simple matter to convert
the PMM blending stock distillation temperature values as heeded.

Table F13. PMM Reformulated Gasoline Specifications

Phase| Phasell Phase |1 with
PADDsI-1V PADDsI-1V Reduced Sulfur
PADDsI-1V
Max RVP, psia 8.7 8.6 8.6
Max S, ppm 305 108.75 30
Max Aro, % 25.0 25.0 25.0
Max Ole, % 12.0 12.0 12.0
Min E200, % 49.0 49.0 49.0
Min E300, % 87.0 87.0 87.0
Min Oxy, wt% 21 20 2.0
Max Ben, % 0.95 0.66 0.66

Data represent 2001 specifications to meet Complex Model standards. PMM adopted specificationsin
each forecast year based on the regulationsin effect at thetime. Therefore, in 2004 when the Tier 2
regulation kicks in, the maximum sulfur content is reduced to 30 ppm. The sulfur specification on the
Complex Modd is adjusted to meet Tier 2 gasoline requirements.
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F.8 Estimation of Gasoline Market Shares

Within the PMM, total gasoline demand is disaggregated into demand for conventional, oxygenated, and
reformulated gasolines by applying assumptions about the annual market shares for each type. Annual
assumptions for each region account for the seasonal and city-by-city nature of the regulations. The market
shares are assumed to remain constant at the actual 2001 level with an adjustment for the addition of Baton
Rouge, LA, to the RFG program due to its recent redesignation as a“ serious’ 8-hour ozone nonattainment
area.

In 2003, the Census Division 9 market share for RFG is separated into two different catagories which
represent CARB3 gasoline without an oxygen requirement (RFH) and CARBS3 gasoline with the Federal
oxygen requirement (RFG). This breakout into another product is needed to represent the planned MTBE
ban in Cdiforniain the absence of awaiver to the Federal RFG oxygen requirement. As EPA denied the
State’ s request for awaiver, PMM assumes the Federal oxygen requirement will remain intact in the three
areas of Caiforniabound by the Federal requirement; Los Angeles, Sacramento, San Diego, and the
recently added, San Joaquin Valley. In effect, these areas must use ethanol to meet the oxygen
requirement. The market shares assume that 59 percent of the gasoline in Census Division 9 will continue
to meet the Federa 2.0 percent oxygen requirement, and 15 percent will meet California specifications
with no oxygen requirement.

Although the shares are assumed to remain constant after 2003, the PMM structure allows for them to
change over time based on alternative assumptions about the market penetration of new fuels. Thisalows
for flexibility to analyze the impact of differing market share assumptions and to adjust the assumptions
over time based on updated information about announced participation in the oxygenated and reformulated
gasoline programs.

Limitation on MTBE Blended into Gasoline

MTBE is a gasoline blending component used primarily to meet the oxygen requirement of reformulated
gasoline specified by the Clean Air Act Amendments of 1990. In the past few years, the use of MTBE has
become a source of debate, because it has made its way from leaking pipelines and storage tanks into water
supplies. Legidation to ban/limit the use of MTBE in Californiaand 16 other Statesis modeled as a
reguirement to produce ethanol blended gasoline in the CHGDMDS subroutine. Ethanol blends are
assumed to account for the following market percentages:

29.0 percent of RFG in Census Division 1

36.5 percent of RFG in Census Division 2

97.7 percent of RFG in Census Division 8

100.0 percent of RFG (with 2.0 percent oxygen requirement) in Census Division 9
100.0 percent of oxygenated gasolinein Census Division 4
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100.0 percent of oxygenated gasoline in Census Division 8
100.0 percent of oxygenated gasoline in Census Division 9

Concerns for water quality have also prompted a number of congressional proposals that would ban MTBE
and similar ethersin al States. The PMM can mode future MTBE limits or bans in gasoline produced at
the U.S. refineries. The MTBE limits are defined for conventional and reformulated gasolines (separately)
on anational level, and can be activated in any forecast year. In the gderdcf.txt input file, the user can
define the allowed volume percent of MTBE (combined with other undesirable ethers) for either or both
conventional and reformulated gasolines, and the year the restrictions will go into effect. The constraints
are defined mathematically below.

For reformulated gasoline (RFG):

Zeners B(NRFG(ethers) <= pct * Q(NRFG + pct* Q(Y)RFH + pct * Q(r)SSR

and for conventional gasoline (TRG):
Yethers B(N TRG(ethers) <= pct * Q()TRG + pct* Q(r)TRH + pct* Q(r)SST + pct * Q(r)SSE
where ethersinclude al or some of the following:

MTBE, ETBE, TAME, TAEE, THME, THEE

F.9 Diesel Specifications

PMM models three types of digtillate fuel oil: heating oil (N2H), low-sulfur diesel (DSL), and ultra-low-
sulfur-diesel (DSU). Bath types of diesel fud reflect specifications for sulfur, aromatics content, and API
gravity. DSL reflects current highway diesel fuel requirements while DSU reflects the tighter “ ultra-low-
sulfur-diesd” (UL SD) requirement that will begin to be phased-inin 2006. DSL in Census Divisions 1
through 8 is assumed to meet Federal specifications including a maximum sulfur content of 500 parts per
million (ppm) and a maximum aromatic content of 35 percent by volume.® DSL in Census Division 9 is
assumed to meet California Air Resources Board (CARB) standards that limit sulfur content to 500 ppm
and aromatics to 10 percent by volume.?

According to the “ ultra-low-sulfur diesel” (ULSD) regulation finalized in December 2000, ULSD is
highway diesdl that contains no more than 15 ppm sulfur at the pump. In PMM this new product is
assumed to contain 7 ppm sulfur at the refinery gate, reflecting the general consensus that refiners will

2L Federal regulations require either amaximum 35 percent (volume) aromatics or a cetane index of 40.
Zhttp://arbis.arb.ca.gov/diesal/diesregs.pdf
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need to produce diesel with a sulfur content below 10 ppm to allow for contamination during the
distribution process.

F.10 Estimation of Diesel Market Shares

Demand for highway-grade diesel, both 500 ppm and UL SD combined, is assumed to be equivalent to
total transportation distillate demand. Historically, highway-grade diesel supplied has nearly matched total
transportation distillate sales, although some highway-grade diesel has gone to non-transportation uses
such as agriculture and construction.

The ULSD regulation includes a phase-in period under the “80/20” rule, that requires the production of 80
percent ULSD and 20 percent 500 ppm highway diesal between June 2006 and June 2010, and a 100
percent requirement for ULSD thereafter. The phase-in path for ULSD is determined in the input file
QDCRDCF.TXT. AsNEMSisan annual average model, only a portion of the production of highway
diesdl in 2006 is subject to the 80/20 rule and the 100 percent requirement does not cover all highway
diesel until 2011.

F.11 Estimation of Regional Conversion Coefficients

Differing regional definitions necessitate the conversions of certain variables from one regional structure to
another. Regional conversions are not extensive in the PMM, but are needed for three refinery input
prices, refinery fuel consumption, and cogeneration information. The factors are used to convert prices
consumption, or cogeneration from other regions to the PADD level since the PMM was originaly
constructed by PADD. The PADD leve information is applied to the current PMM regional configuration
where PADD | isequivalent to PMM Region 1, PADD |1, II, and IV are included in PMM Region 2, and
PADD V isequivaent to PMM Region 3.

Conversionsfor Prices of Refinery Inputs

PMM receives prices for refinery inputs of natural gasin other regional configurations and must convert
these into PADD levd prices. Dueto the proximity of refineriesin PADDs I, |11, and IV to the sources of
natural gas supply, pricesin these PADD’ s reflect wellhead natural gas prices in the corresponding Oil and
Gas Production Regions. PADD’s | and V useindustria pricesin the corresponding Census divisionsin
order to capture the additional costs of moving the natural gas to the refineries. Table F14 shows the
source of PADD level natural gas prices:
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Table F14. Source of PMM Natural Gas Prices

Correlation of Prices

PADD Input Price

I Census Division 2 industrial price
(PGIIN)

-1V Qil and Gas Production Region 3 and 5 wellhead prices (OGWPRNG), and
guantity weighted average of Oil and Gas Production Regions 2, 4, & 8
wellhead price (OGWPRNG)

V Census Division 9 industrial price

(PGIIN)

PMM receives prices for refinery inputs of electricity by Censusdivision. PADD level prices are derived

by assuming prices in intersecting Census divisions. Table F15 shows the correlation between PADD and

Census division electricity input prices:

Table F15. Source of PMM Electricity Prices

Corréation of Prices

PADD

Input Price

Census Division 2 industria prices
(PELIN)

In-1v

Census Division 3, 7, and 8 industria prices
(PELIN)

Census Division 9 industria prices
(PELIN)

Conversionsfor Refinery Fue Consumption

Refinery fuel consumption must be converted from the PADD to the Census division level. Each Census

division consumption number will equal the consumption in the overlapping PADD’ stimes afactor. The

factors were developed using State-level refinery operating capacity and are shown in Table F16. The
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factors areinterpreted asfollows. The 0.8434 at the intersection of Census Division 2 and PADD |
indicates that 84.3 percent of the PADD | refinery fuel consumption is estimated (using refinery operating
capacity as estimator) to occur in Census Division 2. These values will change by small amounts as
refinery capacities change, but the impact on model results will be small.

Example: Census Division 7 fuel consumption =
(PADD II consumption * .12) + (PADD Il consumption * .93)

Table F16. PADD to Census Division Conversion Factors

Census Division

1 2 3 4 5 6 7 8 9 SUM
PADD 1 0.84 0.16 1.00
PADD 2 0.60 0.19 0.09 0.12 1.00
PADD 3 0.07 0.93 1.00
PADD 4 1.00 1.00
PADD 5 1.00 1.00

Conversionsfor Cogeneration

Information including cogeneration levels (RFCGGEN(CD)), cogeneration capacity (RFCGCAP(CD)),
refinery fuel consumption (RFCGFUEL (CD)), self-generation (RFCGSELF(CD)), and generation for grid
(RFCGGRID(CD)) must aso be converted from PADD level to Census divisions. The same factors and
methodology devel oped for refinery fuel consumption (Table F16) are used to convert the cogeneration
data.

Conversion coefficients for refinery fuel consumption and cogeneration information are estimated using
& 6007PRJ.PMM.CAPACITY.COEFS. Manual updates to the data file were made using data from Oil
and Gas Journal survey and making some minor adjustments to the program that reads the data.
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F.12 Unfinished Oil Imports Methodology

PADDs | and Il are the primary recipients of unfinished oil importsinto the United States. Of the four
categoriesthat EIA publishes, light gas oils are practically nil and will not be modeled in PMM.

The PMM used the most recent known values for imports of unfinished oils, which remained fixed
throughout the forecast period. While simplistic, this methodology was difficult to improve on.

In the methodology described below, unfinished oil imports are estimated as a function of crude oil input
to refineries. Only six observations were avail able for this equation (1989 was an outlier and was not
used), so this methodology should be reviewed later, possibly re-estimating the equation using quarterly
data. Total U.S. unfinished oil imports are estimated from the equation; then, the PADDs | and 111 values
are shared out.

U.S. Unfinished Oil Imports= -2856.7 + (0.2447 * Crude Inputs)
t-stats: (-157.5) (8.97)
R-sguared: .95

PADD IlI Unfinished Qil Imports = U.S. Unfinished Oil Imports* 0.61
PADD |1l Naphthas= PADD IIl Tota * 0.24
PADD IIl Heavy Gas Oils=PADD Il Total * 0.33
PADD |1l Residuum = PADD IIl Total * 0.43

PADD | Unfinished Qil Imports = U.S. Unfinished Oil Imports* 0.38
PADD | Naphthas = PADD | Tota * 0.12
PADD | Heavy Gas Oils= PADD | Total * 0.68
PADD | Residuum = PADD | Tota * 0.20

F.13 Product Pipeline Capacities and Tariffs

Two sources were used to obtain the product pipeline data; (1) The NPC study % and (2) The North
American Crude Qil Distribution (NACOD) model prepared by ICF for the Office of Strategic Petroleum
Reserves (OSPR) during 1990-91. The NACOD data was received in LOTUS.WK3 spreadsheet format
from Don Buck of OSPR.

NACOD datafor the year 2000 were used for the petroleum product pipeline capacities and tariffs
(1991%). The NPC study was used for LPG and NGL pipeline capacity data. The NACOD model defines
15 crude oil demand regions (including Canada and Puerto Rico/Virgin Ilands) and the NPC study uses

ZBNational Petroleum Council, Petroleum Storage and Distribution, Volume 5, Petroleum Liquids Transportation, (April 1989).
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PADD regions. Thelinks needed for PMM, as shown in Table F17, are based on PADDs for refining
regions and Census Divisions for demands.

Many of the arcs shown in Table F18 and Table F19 represent more than one pipeline. In some cases, we
have retained more than one arc from a source to a destination in order to have a better representation of

product movements.

Table F17. NACOD Regionsand NEMSPMM Census Regions

NACOD Regions NEMS/PMM Regions
Code L ocations Code L ocations
1 New England 1 NE, New England
2 Includes MD, DE 2 MA, excludes MD, DE
3 WV to FL 5 SA, includes MD, DE
4 KS, OK I WSC, includes OK, KS
5 PADD I 3,4 WNC, ENC, and KY, TN from
6
6 Texas Gulf Coast 7 WSC
I LA Gulf Coast I WSC
8 West Texas, NM 7 WSC, excludes NM
9 AR, No. LA, No. MS AL 6,7 ESC, AR, LA, MS AL
10 PADD IV, North- ID, MT 8 MNT
11 PADD 1V, South- 8 MNT
WY ,UT,CO
12 Alaska
13 Hawaii
14 PADD V 9 PAC, excludesNV, AZ

The product pipeline capacities, excluding LPG/NGL service, are shown in Table F19. The matrix
formulation used in PMM allows for separate arcs for product movements. For example, to deliver abarrel
of gasolineto Dorsey, Maryland (in Census Region 2) from PADD II1, (Census Region 7), requires flow
on the arc from Region 7 to Region 6 (capacity of 2280 Mbbl/cd) at a cost of $0.31/bbl, flow on the arc
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from Region 6 to Region 5 (capacity of 2,526 Mbbl/cd) at a cost of $0.74/bbl, and flow on the arc from
Region 5 to Region 2 (capacity of 1,392 Mbbl/cd) at a cost of $0.16/bbl. Thetotal tariff is $1.21/bbl or

2.88 cents/gallon.

Table F18. Petroleum Product Pipeline Capacitiesand Tariffs

Censusregion
From To Capacity Rate (Wt. avg $/bbl)
(Mbbl/cd)

ENC, 3 MA, 2 157 1.32
ENC, 3 SA, 5 20 1.40
SA, 5 MA, 2 1392 0.16
ESC, 6 SA, 5 2526 0.74
WSC, 7 ENC, 3 328 0.56
WSC, 7 WNC, 4 280 0.86
WSC, 7 WNC, 4 717 0.80
WSC, 7 ESC, 6 2280 0.31
WSC, 7 MNT, 8 81 0.74
WSC, 7 MNT, 8 58 0.73
MNT, 8 WNC, 4 44 0.99
MNT, 8 PAC, 9 73 0.99

Sour ce: Capacities and tariffs from NACOD model. Tariffs shown reflect 1987 dollars so that it’s consistent

throughout the PMM.
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The LPG/NGL pipelines are shown in Table F19.

TableF19. LPG/NGL Pipelines Capacitiesand Tariffs

Census Region Capacity
From To (Mbbl/cd) Rate (Wt. avg $/bbl)
ENC, 3 MA, 2 61 2.18
WNC, 4 ENC, 3 56 0.99 (estimated)
WNC, 4 SA, 5 57 0.99 (estimated)
ESC, 6 SA, 5 109 0.65
WSC, 7 ESC, 6 120 0.28
WSC, 7 WNC, 4 225 0.65
WSC, 7 WNC, 4 65 1.14
WSC, 7 MNT, 8 47 0.84
MNT, 8 WNC, 4 12 1.15

Source: Capacities from NPC study, tariffs from NACOD mode! data.

F.14 Cogeneration Methodology

Electricity consumption in the refinery is a function of the throughput of each unit. Sources of eectricity
consist of refinery power generation, utility purchases, refinery cogeneration, and merchant cogeneration.
Power generators and cogenerators are modeled in the PMM Linear Program (LP) as separate units which
are alowed to compete along with purchased electricity.

Refinery Cogeneration

The refinery cogeneration unit in the PMM LP was modeled using historical data as a guideline.
Cogeneration activity for each refinery was aggregated to the PADD level for incorporation into the PMM
LP. Cogeneration capacity, fuel consumption, and percent sales to the utility grid were estimated from the
EIA-860B, Annual Nonutility Power Producer Report for 1998. The data coversall of SIC 29, not just
SIC 2911. Cogeneration investment and operating costs were derived from the 1980 Office of Technology
Assessment (OTA) report "Industrial Cogeneration.”
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Cogeneration capacity (including planned capacity) for each refining region was derived from the EIA-
860B historical data base. It should be noted that the capacity provided in the data base is summertime
capability and not nameplate capacity. The LP limits utilization to 90 percent of the summertime
capability. Cogeneration capacity is alowed to expand when the value received from the additional
product exceeds the investment and operating costs of the new unit. The value of adding capacity includes
revenues from sales to the utility grid and the displacement of purchases of electricity. Investment costs
are derived from the OTA report. The capacity expansion methodology is described in detail in Chapter 4.

Refinery cogeneration fuel consumption was derived from the NEMS Industrial Model for small
cogeneration systems. A 1,000 kw capacity unit was assumed with an overall heat rate of 14,217 btu/kwh.
Converted to fuel oil equivalent, consumption of 2.26 barrels of fuel oil produces approximately 1,000
kwh of dectricity and 6,530 Ibs of steam. Since the LP refinery consumes fuel in barrels of fuel ail
equivalent, shares of individual fuels were determined from the historical data and computed post process.
The shares are adlocated as follows:

Qil 6.0%

Natural Gas 68.1%
Other Gaseous Fuels 25.2%
Other 0.7%.

In the past, shares of all petroleum based fuels were aggregated under Petroleum Products. This category
has now been divided into Oil and Other Gaseous Fuels.

In general, refinery cogeneration units tend to be small, designed to supply the refinery’s steam and
electricity needs, with a small amount of leftover capacity sold to the grid. However, if it is profitable to
sall cogeneration electricity, the LP will sell al of it. Likewiseif it isnot profitable, it will sell none of it.
To model the situation more realistically, salesto the grid were modeled using percentages derived from
the historical database. The percentage of salesto the grid for each refining region (PADD) was
calculated from the 1998 data as follows:

REGION PERCENT SOLD TO GRID
1 (PADD I) 56.9

2 (PADD’s |1, 111, and V) 4.3

3 (PADD V) 20.1

The LPisforced to sell electricity back to the grid in these percentages at a price equal to the average price
of electricity.
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Fixed operating costs are calculated in the model as afunction of cogeneration capacity while variable
operating costs are determined as a function of electricity generated. The following rates were determined
from the OTA report.

Annual Fixed Cost  $7.32/kw
Variable Cost $0.00565/kwh

Data from the EIA-860B report obtained from an Access query by Alan Beamon. The resulting data were
manipulated in COGENALL.XLS and saved into COGEN.HISTORY .PRN which isread by the SAS
program & PRJ6007.PMM.HIST.COGENOQO. This program manipulates the datato get it into the format
need by the LP. Note: cogenaration capacity by PADD from the last historical year is multiplied by 24 for
input into the PMM file COGENER.DAT.

Merchant Cogeneration

Merchant cogeneration is also modeled in the PMM. Merchant cogenerators are defined as non-refiner
owned facilities located near refineriesto provide energy to the open market and to the neighboring
refinery. The PMM merchant cogeneration model parameters are based on the Central & South West
Energy Inc. (CSWE) facility located adjacent to the Phillips Petroleum Company in Sweeny, Texas.

CSWE supplies al of the refinery’s steam and electricity requirements and receives up to three quarters of
their fuel from refinery waste gases.* Electricity not used by Phillips, about two-thirds of total capacity, is
sold on the open market.

Fuel consumption parameters for the PMM merchant plant are based on the Sweeny facility. The PMM
merchant cogeneration unit consumes 1.90 barrels of fuel oil equivaent to produce 1,000 kwh of
dectricity and 5,200 Ibs. of steam.

Initial capacity in PMM region 2 (PADDs I, 111, and 1V) is 330 Mw (Sweeny plant). Base capacity in all
other regionsis zero. Capacity expansion methodology is the same asin the refinery cogeneration model.
Investment cost for anew cogeneration facility is $580 per kw of capacity. Annual fixed cost and variable
operating cost are the same as for the refinery cogeneration model.

Unlike refinery cogeneration units, merchant facilities tend to be large units designed to sell alarge portion
of their electricity to the grid. The PMM merchant cogeneration model assumes 67 percent of electricity
generated is sold to the grid in all regions, based on the Sweeny facility. The sale price is equal to the
average of the generation price and the industrial price of electricity for each PMM region. Electricity
prices are obtained from the Electricity Market Model.

24Carol Ann Giovando, June 1998. 1998 Powerplant Awards Sweeny Cogeneration Facility, Power.
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F.15 Natural Gas Plant Fuel Consumption

The consumption of natural gas by natural gas processing plants is modeled as a function of dry gas
production. Natural gas consumed at gas processing plantsis calculated as a percentage of dry gas
production using data from the Natural Gas Annual 1992. The ratios are calculated by PADD, except for
PADD V where Alaskais computed separately from the rest of PADD V.

PADD | 1.36
PADD lI 2.50
PADD Il 243
PADD IV 2.61
PADD V 2.25
ALASKA 8.93

F.16 Crude Oil Exports/Total and Alaskan

Exports of crude oil have been historically linked to the level of domestic production. Crude oil exports
are represented in the PMM by the following equation:

Exports= -179.23 + .043 (Totprod)
(-5.03) (6.14)

R squared = 0.60
where Totprod = total United States crude oil production in thousands of barrels per day.

In November 1995, the ban on exports of Alaskan North Slope (ANS) oil waslifted. Exports began in the
spring of 1996. Since that time ANS exports have represented approximately 60 percent of total crude oil
exports from the United States. Therefore the PMM methodol ogy assumes that 60 percent of crude ail
exports are from ANS.

F.17 Technology Improvement Option

A number of mechanisms for representing technological progress for key PMM refinery processing units
have been implemented in the PMM. The first option allows the PMM to represent process technology
improvements that will impact operating costs on any or all active processing units and/or processing
modes. Thus, the user defines the processing unit(s), corresponding processing mode(s), and percentage
change in variable operating cost (OVC) (positive or negative), along with arange of years over which
these are phased in. The second option allows the user to define a set of processing units and
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corresponding output streams whose yields would change due to technology improvements. The year in
which the technology will come on and the corresponding yields are also included in the input data. The
third option alows the user to upgrade the properties of intermediate streams beginning in any user-
specified year. The user defines the stream 1D, the spec ID(s), and the new spec value(s), along with the
activation year for this change. The design for each of these optionsis modular in that the control data are
located in afile separate from the current PMM refinery technology database, and the user defines the
information needed to drive the technology change. Each of these options are summarized below.

For the first option, the user has the option to change the OV C datafor all processing units (global), for
any number of user-defined processing units, for both (with the user-defined unit data over riding the
global data), for any set of processing modes, or for nothing at all. The user defines the period over which
the OV C changeis phased in, aswell asthe total percentage change (- for a decrease and + for an increase)
that is desired over the period. For the user-specified option, the user also includes the 3-digit processing
unit ID(s). Thelast record of datain the user-specified option must begin with a# symbol to signal the
end of thelist. To turn off either or both options, the phase-in begin and end years must be set to 0. The
control data are located at the bottom of the PMM QDCRDCEF datafile. The format of this control datais
asfollows:

C Data for dobal changes to reflect Technol ogi cal Progress
Cc | Phase-in Period | Chng over period
C | Begi nYR EndYR | Percent Chng
@ | Y1 Y2 | TPCT_CHNG
0 0 0. 0000
C Data for Process Unit changes to reflect Technol ogical Progress
Cc | Phase-in Period | Chng over period | Nane of ProcUnit/ Mode
C | Begi nYR EndYR | Percent Chng | Three-letter 1D
@ | Y1 Y2 | TPCT_CHNG | UNAM D MNAM D
X 0 0 0. 0000 FCC 75H
X 0 0 0. 0000 ALK C4A
# 0 0 0.0 -- ---

To activate the option to change stream yields for a processing unit and mode of operation, the user is
required to define the processing unit(s), mode(s) and stream(s) being affected, the corresponding new
yield level(s), and an activation year (not phased in for this version). The number of processing units,
modes, and streams must be included in the data file to act as controls for reading and processing the data.
Up to ten modes and ten streams per mode can be changed for each processing unit defined. To deactivate
this option, the number of processing unitsis set to zero. During the processing effort, the origina yield
and gain levels associated with the processing unit/mode combination are first retrieved from the LP
matrix. Next, the yields corresponding to streams specified by the control data are updated based on the
input data. Finally, the gain is recal culated and updated in the matrix. The data format representing an
activated list of new yield levelsis presented below:

C Data for Yield inprovenent to reflect Technol ogi cal Progress
C | Numl Nane | | | MAX MODES = 10
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C | ProcUnit | Tech | # of | 1 new | 2 new | 3 new | 4 new
C | 3-let ID| Year | nodes | node, coeff | node, coeff | node, coeff | node, coeff|
@ | -------- IEEEEN EEEEES IEEEEIEEEEE | - e | e e | - e |
1
FCC 2005 2 80S 75H
4 8

RC8 .635 uc4 . 064
LC8 . 099 uc3 . 050
uc4 . 089 ZR8 . 286
CoOX .051 ZR7 . 286
--- . 000 ZC7 . 040
--- . 000 ZC8 . 040
--- . 000 LC1 . 054
--- . 000 LC2 . 055

To activate the option to change spec values of intermediate streams, the user is required to define the
stream(s), spec ID(s), new spec levels, and an activation year (not phased in for this version). The number
of streams and spec IDs must also be included in the data file to act as controls for reading and processing
the data. Up to ten spec types can be changed for each stream defined. To deactivate this option, the
number of streamsis set to zero. During the processing effort, the coefficients corresponding to the product
component stream columns (B* and F*) and the product spec requirement rows (Q*) are updated using the
stream spec data. Note, however, that a special agorithm must be used when changing the gravity and
sulfur specs for streams used for blending into products. The gravity spec (GRX) must be converted using
the following equation before being used to update the L P matrix:

COEf yayity = 1415/ (131.5 + CHNGSPCyraiy)

The sulfur spec (SLX) datafor streams used in blending gasoline simply must be divided by 100 (to
convert from percent to decimal), while that used in blending distillate product must be converted based on
the sulfur spec data, the gravity spec data, and a distillate sulfur adjustment factor (DISTSUL). Thus, the
following equation is used to define the coefficient corresponding to the distillate component stream
column (F*) and the distillate sulfur requirement (Q*) row:

COefgitr = (CHNGSPCyyty - DISTSUL) * 141.5/ (131.5 + CHNGSPCyyayiy)

The data format representing an activated list of new spec levels for intermediate streams is presented
below:

C Data for Spec inprovenent to reflect Technol ogi cal Progress

SELECT FROM THE FOLLOW NG LI ST OF SPEC | DS:
GASO. RON, MIN, RVX, E2N, E3N, SLX, OLX, ARX, BzZX, PQON, POX
DI ST: SLX, GRX, VBX, LMX, FLX, FZX, ARX

REQUI RED: WHEN CHANG NG SLX, MJST ALSO CHANGE GRX, AND VI CE VERSA

| | | | MAX NUM OF SPECS = 10
| Tech | Stream | # of | 1 new | 2 new | 3 new | 4 new

O0O0O0000O0
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C
@

Year

2005
2005
2005
2005
2005

3-let 1D |

specs | spec,

BZX
BZX
BZX
BZX
BZX

W WwWwwwmN

val ue | spec,

2.50 RVX
2.40 RVX
0. 88 GRX
2.56 GRX
0.18 GRX

val ue |

10. 00
10. 00
65. 00
75. 00
50. 00
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spec, value |
SRRIEEEEEE |

ARX 10. 00
SLX 200. 00
SLX 80.00
SLX 320. 00

spec,

val ue|
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F.18 GTL Representation in PMM

In the PMM, agas-to-liquids (GTL) facility now can be built on the North Slopein Alaska. A minimum
build requirement is 50,000 bbl/d GTL production (gas: ~500MMCFD or 180 BCF ayear). The
investment and operating costs do not change over time (in constant 1987 dollars). The natural gas supply
is represented as a three-step supply curve. A price/quantity pair (currently $0.80 in 2000 dollars/mcf for
1000 bcf) for North Slope natural gasis provided by the NGTDM team for the variable AKNG_SUPCRV.
The PMM uses this to generate the supply curve. GTL output streams can be transported from the North
Slope, through Valdez, to any of the three PMM regions. GTL mixing losses (PMM input) due to transport
with the oil along the Trans-Alaska Pipeline System (TAPS) are accounted for and added to the Alaska oil
total to be processed in aUS refinery. A maximum flow (oil plus gas) is defined along the TAPS pipeline.
[A minimum flow could aso be defined, but would force the build of a GTL facility if the ail flow is
below the minimum.] GTL transport costs from the North Slope to Vadez (along TAPS) is calculated
within the PMM as afunction of avariable cost, afixed cost (converted to aunit cost based ont-1 GTL
and ail flow), and a subsidy factor (based on vaue of ail if total flow is below a pipeline minimum). The
fixed and variable costs are determined within the PMM based on input data. GTL transport costs from
Valdez to Cdiforniaviavessel is also defined (PMM input).

The following LP variables and coefficients are related to Alaska GTL (and oil) production, transport, and
accounting:

TAAMHXZ Volume of AMH crude transported from Alaskato Valdez for export to
Canada

O@CRDEXP Other Alaskan crude exports (from South Alaska)

YAAMH5(r) Volume of AMH crude transported from North Slope to Valdez + to
region (r)

YAALLS(r) Volume of ALL crude transported from S. AK to region (r)

PADCRQ1 Tota Alaskan crude production

TAALLTOT Total ALL oil produced in Alaska

TAAMHTOT Total AMH ail produced in Alaska

TAGTLTOT Total GTLstransported from Alaska North Slope to Vadez dong TAPS

TANSOTOT Total ail transported from Alaska North Slope to Valdez along TAPS

WAGTLJ(r) Total GTLstransported from Valdez to US refinery regions (r)

GTLLOSS Percent of GTLslost dueto mixing with Alaska oil during transport along
TAPS

H(r)SM D(mod) Operating level for the SMD GTL processing unit

H(r)SOD(mod) Operating level for the SOD GTL processing unit

N(NGKN1 Alaska NG supply curve, step 1

N(r)NGKN2 Alaska NG supply curve, step 2

N()NGKN3 Alaska NG supply curve, step 3

H(MPRFSL Quantity of GTL stream SNL transferred from North Slopeto Vadez
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H(rYMPRFSP Quantity of GTL stream SNP transferred from North Slope to Valdez
H(NMPRFSE Quantity of GTL stream SKE transferred from North Slopeto Valdez
H(r)MPRFSX Quantity of GTL stream SDX transferred from North Slope to Valdez

The following new and modified equations define the relationship between the variables defined above as
related to GTL production in Alaska.

Equation 1

Total GTLs produced in Alaska and transported from the Alaska North Slope to Valdez equals the sum of
theindividual GTL stream types (produced by each GTL unit's mode of operation) going to each of the 3
PMM regions. The corresponding TAPS transport cost is applied to the TAGTLTOT variable.

CAGTLTOT: TAGTLTOT = ¥ Y Hr)MPRF(gtl)
OBJ: -3.20* TAGTLTOT
Equation 2

Total GTLs being transported viaa U.S. flag light product vessel from Valdez to PADD (r) equas the total
GTLs produced in Alaska, minus the loss due to mixing with Alaskan oil during transport. The
corresponding transport cost is applied to the WAGTLJ(r) variable.

C(r)GTL: WAGTLJ(r) = (1. -GTLLOSS) * Y g H(r)MPRF(gtl)
OBJ: -cst* WAGTLJI(r)
Equation 3

The mass balance equation for AMH Alaskan crude was modified to include a gain due to mixing of GTLs
during transport. This gain is accounted for in the Alaska North Slope oil stream [YAAMH5(r)].

CAAMH: TAAMHTOT + GLTLOSS* TAGTLTOT =
TAAMHXZ + O@CRDEXP + Y, YAAMHS5(r)

Equation 4

Since total North Slope Alaska crude does not consist totally of AMH crude, anew variable
(TANSOTOT) is created to represent total North Slope Alaska crude, as defined within a new balance row
(CANSOTOT). The corresponding TAPS transportation cost for NORTHSIope crudeis applied to the
TANSOTOT variable. [Note: The OBJ row coefficient on the Y variables now represent other
transportation costs from Vadez to the PMM regions.]

CANSOTOT: TANSOTOT = TAAMHXZ +
Y. YAAMH5(r) -GLTLOSS* TAGTLTOT

OBJ: -3.20* TANSOTOT
OBJ: - coef(r) * YAAMH5(r)
Equations 5,6,7
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Two new row constraints are added to account for maximum and minimum flow requirements on TAPS;
and, 1 new row constraint to account for maximum NG production in Alaskafor GTL use.

TAOILGTX: TANSOTOT + TAGTLTOT <= TAPSUL
TAOILGTN: TANSOTOT + TAGTLTOT >= TAPSLL
TANGKGTX: ¥, ¥< N(r)NGKN(s) <= NGK UL

Equations 8,9

New balance rows were defined for AMH and ALL Alaska crude.
CAAMHTOT: TAAMHTOT = .9844 * PADCRQ1
CAALLTOT: TAALLTOT = .0156 * PADCRQ1

Equations 10-13

Other mass balance additions and changes include mass balance for the GTL stream at the refinery
[B(r)(gth)], mass balance for the GTL stream generated in Alaska [H(r)(gtl)], mass balance for the Alaskan
natural gas stream [H(r)NGK], and a capacity limit on the transportation mode (J) [TV PICP):

B(r)(qgtl): (1. -GTLLOSS)* H(r)MPRF(gtl) = ¥.unt Y.moa R(r)(unt)(mod) +
LoraF(r)(pra)(gtl) + Ypra B(r)(prd)(gtl) + T(r)(gtl)(str)

H(r)(gtl): Yt HIMPRF(gtl) = coef g *  Yunt Xmod H(r)(unt)(mod)

H(r)NGK: Y s N(r)NGKN(S) = coef ngk * Y unt Ymoa H(r)(unt)(mod)

TVPICP: ...+.002*% ¥, WAGTL(r)

where,
R(r)(unt)(mod) Refinery unit (unt) operating level for mode (mod) in region (r)
B(n)(prd)(atl) Quantity of GTL (gtl) blended into mogas product (prd) in region (r)
F(r)(prd)(atl) Quantity of GTL (gtl) blended into distillate product (prd) in region (r)
T(N(gth(str) Quantity of GTL (gtl) transferred into blend component (str) in region (r)

Changesto the PMM

Four subroutines (CHGAKTRN, RFGTLCAP, RPFTAKGTL CHGTRANS) in therefine.f code define the
new GTL capability in Alaska. In addition, subroutines ADDCAP and CHGBLDLIM handle the PMM
ability to specify which processing units are allowed to build. A set of data at the bottom of the rfinvest.txt
datafile define GTL parameters and control flags. The data are included below, followed by alist of the
GTL variables defined.
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GTL Data

PMM input datarelated to GTL

Data:

Parameters related to GTL process

Variables: GTL_INCBLD --incremental GTL output levels for building (Mbbl/d)

GTL_FSTYR --first possible start year for facility to come on-line
GTL_DCLCAPCST -- annua declinerate for capital recovery costs
GTL_DCLOPRCST -- annua decline rate for fixed operating costs

Source: Analyst's judgement

Notes:

DOCUMENTATION UPDATES. DATE--AUTHOR--COMMENT

NOTES:
@
50.0 GTL_INCBLD
2005 GTL_FSTYR
0.000 GTL_DCLCAPCST
0.000 GTL_DCLOPRCST
Data: Parameters related to TAPS volumes

Variables: TAP_MAXCAP -- maximum capacity on TAPS (Mbbl/d)

Source:

TAP_MINTHRU -- minimum economic throughput on TAPS (Mbbl/d)

TAP_MINSTVOL -- minimum incremental volume above min when subsidy

nonzero (Mbbl/d)

TAP_PGTLOIL --fraction of GTL volume transferred to oil in TAPS (fraction)

TAP_MAXCAP -- anadydst’sjudgment
TAP_MINTHRU -- analyst's judgment
TAP_MINSTVOL -- analyst's judgment
TAP _PGTLOIL -- anayst'sjudgment

DOCUMENTATION UPDATES:. DATE--AUTHOR--COMMENT

NOTES:

@
3000.00 TAP_MAXCAP
400.00 TAP_MINTHRU
100.00 TAP_MINSTVOL
0.10 TAP_PGTOIL
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Data Parameters related to TAPS costs/prices
Variables: TAP_FIXCST -- fixed transportation cost on TAPS (1000 $/day)
TAP_VARCHG -- variable transportation cost on TAPS ($/bbl)
TAP_OILIFT -- assumed oil lifting cost in Alaska ($/bbl)
TAP_OILADJ -- minimum upward adjustment of lift cost to set total costs (e.g.,
including profit) (fraction)
Source; TAP_FIXCST -- judgment based on Alaska Department of Natural Resources
graph of tariff rates and volumes
TAP_VARCHG-- judgment based on Alaska Department of Natural Resources
graph of tariff rates and volumes
TAP_OILIFT -- lifting cost for ail production in Alaska
TAP_OILADJ-- analyst's judgment

DOCUMENTATION UPDATES. DATE--AUTHOR--COMMENT

NOTES:

TAPS transportation costs (PMM sets oceanic shipping costs el sewhere)
TAPS tariff = (fixed cost / throughput) + variable charge
throughput = oil prod + GTL prod (mbbl/d)

for build decision:
GTL prod = current CAPgtins+ GTL_INCBLD
Oil prod = PCTAKAMH * 1000* ( XRFQTDCRDy +
XRFQTDCRDy; +XRFQTDCRD; ) - QEXCRDIN
Qil prod = ail_prod(t) * ( oil_prod(t) / oil_prod(t-1) )**3.

in general
GTL prod = current CAPGTLNS
Oil prod = oil_prod(t) = PCTAKAMH*RFQTDCRD* 1000 - QEXCRDIN

Parameters for calculating GTL subsidy from oil production
if (oil_prod(t) .le. (TAP_MINTHRU + TAP_MINSTVOL))
then  subsidy = [(oil prod * ail price) - (lift cost * oil prod * (1.+min add)] /GTL prod

@ year$ vaue
1995 2055. TAP_FIXCST
1995 090 TAP VARCHG
1999 10.00 TAP_OILIFT
0.20 TAP_OILADJ
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GTL Variables

I'PUT INTO PMMCOM1 INCLUDE

CAPGTLNS(MNUMYR) I TOTAL GTL CAPACITY (bbl/d)

TAP_FIXCST I FIXED TRANS CST ON TAPS, 1987 dollars
TAP_VARCHG ' VAR TRANS CST ON TAPS, 1987 dollars/BBL
TAP_OILIFT ' ASSUMED OIL LIFTING CST IN AK, 1987 dollars/BBL
TAP_OILADJ I MIN UPWARD ADJOF LIFT CST, 1987 dollars/bbl
TAP_MAXCAP I MAX CAPON TAPS, MMBBL/D

TAP_MINTHRU I MIN ECONOMIC THROUGHPUT ON TAPS, MMBBL/D
TAP_MINSTVOL ' MIN INCRVOL ABOVE MINTHRU, MMBBL/D
GTL_INCBLD I'INCR GTL OUTPUT BLD LEVEL, MBBL/D
PMMCAPI(MNUMPR,PUNITSN) FINITIAL REF UNIT CAPACITY, MBBL/D
GTL_FSTYR I FIRST POSSIBLE START YR FOR GTL BLD, 4-digit

I'PUT INTO PMMOUT INCLUDE

AKNG_GTLCNS(MNUMYR) ! CONSUMP OF NG IN AK FOR GTL PROD, Bcf
AKGTLPRD(MNUMYR) I GTL PRODUCTION IN AK, Bbl/d
AKGTLEXP(MNUMY R) I AK GTL EXPORTS, Bbl/d

I'PUT INTO OGSMOUT INCLUDE

AKNG_SUPCRV (3,2,mnumyr) ! ALASKA NG SUPPLY CURVE, 1987 dollars/mcf, bcf
I 3 - number of points, 2 - price(1),quantity(2)
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F.19 CTL Representation in PMM

The coal-to-liquids (CTL) process has been incorporated into the PMM. It was developed based on the
methodology described in a Mitretek Technical Report: Coproduction: A Green Coal Technology, by
David Gray and Glen Tomlinson, March 2001. Specifically, the large-scale coproduction with no carbon
sequestration (Figure 7 in the report) is adopted as the generic facility for the CTL module. ThisCTL
facility is capable of processing 16,400 TPD bituminous coal (e.g., Illinois Basin) with an energy content
of 23 mmBtu/ton, and generating 33,200 BPD fuels and 696 MW net cogen for saleto the grid. The
capacity factor (or utilization rate) is assumed to be 0.9.

A spreadsheet was developed to trand ate the economic assumptions for this CTL facility into data that
could beincorporated in the PMM. The CTL plant lifeis assumed to be 25 years, with the capital 1/3 from
equity at 15 percent and 2/3 from debt with 8 percent of return on investment. Together, this trandates
into a capital recovery factor of 0.113.

The cogenerated (cogen) electricity is partially consumed in the facility (292 MW); while the net cogen
(696 MW) is assumed to be sold to the grid at 60 percent of wholesale industrial prices. The revenue from
cogen salesis treated as a credit by the model to offset the costs (feedstock, fixed, and operation costs) of
producing CTL “liquids.”

The generic CTL facilities are assumed to be built near the existing refineries. The PMM currently models
threerefining regions. East Coast (PADD 1), Central (PADDs II-1V), and West Coast (PADD V). For the
East Coast, the CTL facilities are assumed to be built near the Delaware River basin; for the Central

region, near the lllinois River basin; and for the West Coagt, in the vicinity of Puget Sound in Washington
State.

For the East Coast, the coal would be 100 percent Northern Appalachian coal; for the Central region, 10
percent Eastern Interior coal, 10 percent Dakota Lignite, and 80% Powder River coal; and for the West
Coast, 100 percent Powder River coal.

The CTL yield distribution is assumed to be similar to that from a Gas-to-Liquids (GTL) facility because
both involve the Fischer-Tropsch process to convert syngas (CO + H,) to hydrocarbons.

The CTL module allows for a“policy” lever to specify when and how many CTL facilities to be built with
government incentives even when it is still economically disadvantaged. Once the CTL becomes
economically feasible, its growth rate would be governed by a growth rate based on the Mansfield-
Blackman model for market penetration.

Mathematical Representation of CTL inthe PMM

The CTL facility is assumed to be located at a site near the representative refinery in each PMM refining
region. Thus, coal feed is delivered to this site and processed into synthetic liquids (with cogenerated
eectricity that is both consumed on site and sent to the grid). The liquids are then transported (at a small
cost) to the refinery for blending or further processing.

A single (representative) coa type is modeled within each region. The quantity, delivered price, and
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average heat content (LCVTONQ, LCVTONP, and LCVBTU) of each coal available for processing, as
well asaprice dasticity (LCVELAS), are provided by the CMM. The quantity of coal consumed to
produce 33,200 bb/cd liquids at each CTL facility is afunction of the average heat content of the coal
provided by the CMM and the base energy content and consumption level of the cod defined for the
representative CTL processing unit (BASCLRAT * CTL_BASHHV / LCVBTU). The PMM usesthe
price, quantity, and elasticity to build a 3-step coa supply curve. The final quantity of coal consumed
(Q_CTLCOAL) is sent back to the CMM for response.

The CTL processing mode is based on a representative GTL processing mode provided in the PMM
technology database provided by Ensys. The input rate (tons coa per bbl lig produced) has been adjusted
to reflect the corresponding coal to liquids ratio presented in the Mitretek paper. Special links have been
established to ensure the “liquids’ will be processed or blended properly downstream. Cogeneration is
accounted for at the CTL facility as afunction of the liquids produced. A credit (afunction of end-use
electricty prices, PELIN) is provided to account for sales to the grid.

Capital costsfor the CTL facility are based on the cost information provided by Mitretek, including both
fixed charges and other operating costs. Also, in accordance with direction from Mitretek, these costs are
increased depending on the coal type consumed in the region. In addition, two decline-rate variables
(CTL_DCLCAPCST, CTL_DCLOPRCST) have been included to alow for costs to improve over time.

The"policy" lever included with the CTL to reflect government incentives consists of a minimum build
forecast series. Thisistracked as a separate CTL processing unit (CTZ vs CTX) in order to distinguish
between incentives builds (CTZ) and economic builds (CTX). Also, the Mansfield-Blackman model for
market penetration has been incorporated to limit excessive growth of CTLs once they become
economically feasible. The indexes associated with this modeling algorithm are user inputs that define the
characteristic of the CTL process. They include an innovation index of the industry (IINDX), the relative
profitability of the investment within the industry (PINDX), the relative size of the investment (per plant)
as a percentage of total company value (SINVST), and a maximum penetration level (number of
units,CTLBLDX). These have been defined in a memorandum from Andy Kydesto Han-Lin Leg, entitled
"Development of amaodel for optimistic growth rates for the coal-to-liquids (CTL) technology in NEMS,"
dated March 23, 2002.

Carbon dioxide emissions will be handled by the NEM S integrating model by applying a CO, emissions
coefficient to the coal consumed by the CTL unit.
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Updates to the LP matrix

The following new LP variables are related to CTL production, transport, and accounting:

rows:
C(r)CTLTOT Total CTL liquids produced for refinery (1000 bbl/cd)
L(NCTXCAP CTL capacity balance net of incentive builds (1000 bbl/cd)
L(CTZCAP CTL capacity balance from incentive builds (1000 bbl/cd)
H((lig), B(r)(lig) CTL liquids balance (1000 bbl/cd)
H(r)(cod) Coal (into CTL unit) balance (1000 tong/cd)

columns:
B(r)(gaso)(liq) CTL liquids blended into gasolines (M bbl/cd)
F(r)(dist)(lig) CTL liquids blended into distillates (M bbl/cd)

[DSL, DSU, JTA, N2H, N6l]

K(CTXCAP Existing CTL processing unit capacity, =0 (M bbl/cd)
E(CTXINV CTL processing unit additions (M bbl/cd)
L(NCTXBLD Cumulative CTL unit additions (M bbl/cd)
H(r)CTX(mod) Operating level for CTL (M bbl/cd)
K()CTZCAP Existing planned CTL processing unit capacity, =0 (M bbl/cd)
E(NCTZINV planned CTL processing unit additions (M bbl/cd)
L(NCTZBLD Cumulative planned CTL unit additions (M bbl/cd)
H(r)CTZ(mod) Operating level for planned CTL (M bbl/cd)
R(r)(unt)(mod) New mode to process liquids from CTL units (M bbl/cd)
H(NMPRF(liq) Vol of CTL liquidstransferred to refinery (M bbl/cd)
N(r)(coa )N(step) Coa supply curve for CTL processing (1000 tons coal/cd, 87$/ton)

The following new and modified equations define the relationship between the variables defined above as
related to CTL production.

Equation 1

Coal supply mass balance: The coal supply (represented as a 3-step coal supply curve) must equa the coal
consumed at the CTL units (including planned units) to produce liquids (by region/coa type).

H(r)(coal): Y s N(r)(coal)N(S) = Y.moa & * H(r)CTX(mod) + ¥ mea & * H(r)CTZ(mod)
[1000tons/cd]

Equations 2 & 3

Liquids production mass balance: Liquids produced at the CTL unit must equal the liquids transferred to
the refinery (by region and liquid type). CTL liquids transferred to the refinery are either consumed by
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other processing units, blended into mogas, or blended into distillates (by region and liquid type).

H(r)(lig): Y mod C2 * H(r)CTX(mod) + ¥ moa ¢ * H(r)CTZ(mod) =H(r)MPRF(liq)
[1000bbl/cd]
B(r)(liq): H(r)MPRF(lig) = } g« F(r)(dist)(lig) < distillates >
[1000bbl/cd]

- Or -

H(r)MPRF(liq) = ¥ mgas B(r)(mgas)(liq) + Yun Ymea R(r)(unt)(mod) <mogas>
Equation 4
CTL operating/capacity balance: Total operating level of CTL must equal the operating level of existing

CTL capacity, newly added capacity, and cumulative added capacity. Total operating level cannot exceed
upper bounds on existing, newly added, and cumulative added capacity (by region).

L(r)CTXCAP: Y mod H(r)CTX(mod) = K(r)CTXCAP + cf*E(r)CTXINV +
cf*L(r)CTXBLD

[1000bbl/cd]

L(r)CTZCAP: Y mod H(r)CTZ(mod) = K(r)CTZCAP + cf*E(r)CTZINV +
cf*L(r)CTZBLD

[1000bbl/cd]

Equation 5

Total CTL liquids produced: This unconstraining row totals CTL liquids produced (by region), for
reporting.

C(r)CTLTOT: Yiiq Hr)MPRF(liq)
(1000 bbl/cd)

Equation 6

Objective function: A credit is put in the objective function, attached to the CTL operating variable, to
account for cogen produced at the CTL and sent to the grid. A cost is added to the objective function,
attached to the transfer variables H(r)CTX(mod) and H(r)CTZ(mod), to account for the transfer tariffs
from CTL facility to refinery. Variable operating costs and capital investment costs are included in the
objective function for the E, L, and H variables. The cost of coa on each supply step isincluded in the
objective function

OBJ: Y mod Yr CgnCredit * H(r)CTX(mod) + Y maa Y.r CgnCredit * H(r)CTZ(mod)
[1000%/cd]

OBJ: Yiq tariff_lig * H(r)MPRF(liq)

[1000%/cd]

OBJ: inv_cst*E(r)CTXINV +inv_cst*L(r)CTXBLD +
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[1000$/cd]  inv_cst*E(r)CTZINV +inv_cst*L (r)CTZBLD

OBJ: Yo X Y coa COAl_CStsy coa™ N(r)(coal)N(s)
[1000%/cd]

where,

CgnCredit = PELIN() * CFELBK * CTL_CGGFAC
(87%/bbl liqg)

coal_cst=P,* [ Q/ Q,1%®

(87%/ton coal)

tariff_liq = from CMM

(87%/bbl lig)

inv_cst = calculated in refine.f from investment data
(87%/bbl liq)

Updatesto the PMM refinef code

Three new subroutines (CHGCTLCOEF, PMMCTL_BLDLIM, and RPTRFCTL) were added, along with
other minor changesin the refine.f code to reflect the new CTL capability. Also, anew set of datawere
added to the rfinvest.txt datafile (before the GTL data) to define CTL parameters and control flags. The
new CTL data are included in the Attachment at the end of this section.

The PMMCTL_BLDLIM subroutine sets both minimum and maximum build allowances for the CTL. The
minimum build represents builds based on government incentives before it is economic to build. Thisis
defined by aforecast seriesin the rfinvest.txt input file (CTL_PLNBLD) and is associated with the
planned CTL unit (CTZ). The maximum build allowance is determined using the Mansfield-Blackman
model for market penetration. It tracks the number of units built once it becomes economical to build. This
is associated with the mainstream CTL unit (CTX).

The CHGCTLCOEF subroutine updates the relevant CTL coefficients with data provided by the CMM
and the EMM. These include the coa supply curve price and quantity levels (and elasticity used to define
the coal supply curve), the credit for cogenerated electricity sent to the grid, the tariff for transferring CTL
liquidsto the refinery, and the adjustment to the coal consumption ratio based on coal heat content. The
coal supply curve equation takes the following form:

New delivered price of coa = (LCVTONQ + delta) |-“VE-*S LCVTONP
LCVTONQ *
where,
delta= changein supply curve quantity
LCVTONQ = Coa supply curve production level (mil tong/yr)
LCVTONP = Coal supply curve delivered pr (87$/ton)
LCVELAS= dadticity fo coa supply curve
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The RPTRFCTL report subroutine retrieves CTL solution results from the LP matrix and stores them into
special variables -- some are passed to the CMM or to FTAB for reporting, while others are used in the
PMM output tables (pmmrpts.txt). These include:

CLMINEP(mnumpr,mnumyr) ! minemouth CTL coal pr
CTL_CGCGD(mnumpr,mnumyr) I CG cap from CTL--to grid
CTL_CGGGD(mnumpr,mnumyr) ! CG gen from CTL--to grid

P_CTLCOAL (mnumpr,mnumyr) I' PR coa used for CTL (87%/ton)

Q_CTLCOAL (mnumpr,mnymyr) I QTY coa used for CTL (M ton/cd)
Q_CTLPRD(mnumpr,mnumyr) I QTY liquids produced from CTL
QCLRFPD(mnumpr,mnumyr) I Quantity of coal for CTL (trillion Btu)
RFCTLPRD(mnumpr,mnumyr) I Quantity of liquids from coal (thousand barrels per day)

Within the existing RFUPD8_INV subroutine, an adjustment factor (CSTFAC) was added to the CTL
costs to account for the added investment costs associated with using lignite and sub-bituminous coals.
This adjustment factor isa user input, defined in the rfinvest.txt input file (CTL_CSTFAC).

In the sprflrt.txt input file, a new set of look-ahead data have been added. These include the prices,
guantities, elasticities, and coal transit costs (XLCVTONP, XLCVTONQ, XLCVELAS, XLTRNTON)
and the BTU content of the coal (XLCVBTU), provided by the Coal Marketing Module for all regions and
years. Thus, the impcurv.txt output file also includes these variables.

(Note: What used to be the COALCOEF was changed to the OGASCOEF for clarity. A CF correction was
made to the PUBASE calculation. The cogen from CTL was put into the "other" category in the variables
CGREQ, CGRECAP, CGREGEN, but classified as coal for ftab reporting.)
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CTL Datain therfinvest.txt input file

PMM i nput data related to CTLs-- Coal -to-Liquids

Data: Paraneters related to CTL process

Variabl es: CTL_I NCBLD -- incremental CTL output |levels for building (Mbl/d)
CTL_FSTYR -- first possible start year for facility to come on-line
CTL_DCLCAPCST -- annual decline rate for capital recovery costs
CTL_DCLOPRCST -- annual decline rate for fixed operating costs
CTL_BASHHV -- coal HHV (mMmBTU/ ton)-- basis used for CTL yields data
CTL_BASSI z -- CITL base size (1000 bbl/cd liqg output)

CTL_BASCOL -- CTL base coal consunmp (1000 tons/cd) -- bitum nous
CTL_BASCGS -- CIL base cogen to self (MN
CTL_BASCGG -- CITL base cogen to grid (MN
CTL_BASCGF -- CIL base cogen capacity factor
CTL_NAM -- coal type ID for CTL
CTL_CSELAS -- elasticity for coal supply curve, by coal type
CTL_CO2FAC -- Ibs CO2 enitted/bbl |iqg produced
CTL_CGNFAC -- Fac to est elec cogen to Gid fr CTL (kWh/bbl 1iq)
CTL_CSTFAC -- Fac to adj CTL cap/op cost based on coal type (10% for
LIG SUBBIT vs BIT)
CTL_CLHHV -- coal HHV (mMmBTU t on)
P_CTLTRN -- Cost to transport CTIL liq fromfacility to refinery
($/ bbl)
CTL_LI QNAM -- Nane of liq streans from CTL process
CTL_PLNBLD -- CTL planned build series (cum# of units at base size)
****| nvestment info from "Coproduction: A Geen Coal Technol ogy" Mtretek
CTL_YRCST -- year $ for investnment costs
CTL_NFOPCST  -- Non-fuel operating costs (MVB/yr)
CTL_CAPREQ -- Total capital requirenment (M)
CTL_FXREC -- Fixed cost recovery factor (rate)
****Mansfi el d- Bl ackman nodel vari abl es****
CTLMB_SW -- switch to apply MB nodel to max bld (1l=yes)
CTLBLDX -- max CTL penetration
I 1 NDX -- innovation index
Pl NDX -- relative profitability ratio
SI NVST -- investment ratio

Source: Anal yst's judgenent
Not es:

NOTES
@
33.2 CTL_I NCBLD (Mobl /cd of liq produced)
2006 CTL_FSTYR
0. 000 CTL_DCLCAPCST (fraction)
0. 000 CTL_DCLOPRCST (fraction)
23.00 CTL_BASHHV (mBtu/ton coal)
33.20 CTL_BASSI z (1000 bbl/cd liqg produced)
16. 40 CTL_BASCCOL (1000 ton/cd coal)
292.0 CTL_BASCGS (MW per year)
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696. 0 CTL_BASCGG (MW per year)

0. 900 CTL_BASCG- (fraction)
@ CTL_CO2FAC CTL_CSTFAC
3
CL1E 0. 000 1. 000
CL2B 0. 000 1. 300
CL3W 0. 000 1.100
Source: "Coproduction: A G een Coal Technol ogy" Mtretek
@
1998 I CTL_YRCST -- year $ for investnent costs
117.710 I CTL_NFOPCST -- Non-fuel operating costs (MV/yr)
2161. ! CTL_CAPREQ -- Total capital requirenment (MVB)
0.113 I CTL_FXREC -- Fixed cost recovery factor (rate)

Source: Menp from Andy S. Kydes, March 23, 2002
"Devel opment of a nodel for optimstic growh rates for the
coal -to-liquids (CTL) technol ogy i n NEVS"
@ Paraneters for Mansfiel d-Bl ackman nodel for CTL bld series

1 ! CTLMB_SW switch to apply MB nodel to max bld (1l=yes)
300. I max nunber of CTL unit blds allowed (not capacity)
-0.30 I |I: innovation index
1.25 ! Pr: relative profitability ratio
I

2.00 Sl: size of investnent ratio

Cunul ative planned CTL builds (nunmber of CTL units, not capacity)
@ REG YEAR NUM

# 2 0000 1 end series with "# in 1st colum or 0000 for year

--TEMP CLT -- until coal nodel is conpleted
@ LTRNTON LCVELAS LI QUCARB LI QUSUL LI QUBTU
CL1E 0. 000 1. 000 0. 000 0. 000 25.00 Appal achi an Bit
CL2B 0. 000 1. 000 0. 000 0. 000 23.00 Il Basin Bi t
CL3W 0. 000 1. 000 0. 000 0. 000 17.38 Powder Riv SubBit

Liquid streamID s (CTL_LI QNAM and
@ transfer costs (P_CTLTRN)

4 CL1E CL2B CL3W
CNL 1.500 1. 500 1.500
CNP 1.500 1. 500 1.500
CKE 1.500 1. 500 1.500
CDX 1.500 1. 500 1.500
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APPENDIX G. Matrix Generator Documentation

G.1 Introduction

The purpose of this appendix isto describe the program which runs the Multi-Refining Model (MRM) (3-
regions) and the Enhanced Refinery Model (ERM) (single region); and to provide detail on how it works.
The program allows the user to simulate asingle region (ERM) or a 3-region (MRM) representation of the
entire refining industry in the United States.

The ERM modd simulates asingle PADD (Petroleum Administration for Defense District) and has no
transportation of crude oil to the refinery region nor product from the refinery region. Instead, crude ail is
supplied directly to the refinery gate and product demands are satisfied at the refinery gate. The ERM
projects petroleum product prices, product demands, crude oils, acohols, ethers, natural gas and fuel
consumption, and capacity expansion in aPADD.

The 3-region MRM simulates multiple PADD regions. It is a collection of ERMs linked by a transportation
network. It simulates the entire refining industry in the United States. The MRM simulates the operation of
petroleum refineriesin the United States, including the supply and transportation of crude oil to refineries,
the regional processing of these raw materias into petroleum products, and the distribution of petroleum
product to meet regional demands. In addition to the quantities that an ERM produces, the MRM identifies
sources of supply for domestic and imported crude oils, alcohols, ethers and natural gas. The 3-region
MRM modelsthe 5 U.S. PADDs, aggregrated into 3 regions and labeled as follows. E=PADD I; B =
PADDslII, I, 1V; W = PADD V.

The program generates the matrix for the linear programming model representation of the ERM or MRM,
solvesit, writes the solution, reports, and packs the matrix for use by the analyst using the ANALY ZE
software.

G.2 Code

The program is written in Fortran and makes use of the OML (Optimization and Modeling Libraries) to
read in the data files, generate the matrix representation of the model, solve the problem, store the solution,
and pack the matrix for use with ANALY ZE. In addition to the above, the program produces reports.

The program is data driven and the user provides key information such as the model he chooses to run, the
location of the input data files, and some other options.
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G.2.a Variables and Constraints

The model consists of variables or activities (columns), constraints (rows), and bounds on activities. A
unique name has been assigned to each variable and constraint. In the naming of the variables and rows,
indices are used. The following table displays the index set name and the number of elementsin the set,
gives a brief description of the set, and provides a partia listing of the set members.

Index No. of Values Description Members

@ 1 represents all regions @

[« 2 Constraint type X: for max
N: for min

d 9 Census divisions 1: New England
2: Mid Atlantic

3: East North Central
4: West North Central
5: South Atlantic

6: Est South Central
7: West South Central
8: Mountain

9: Pacific

e 2 Emission source C: Emission from fuel combustion
N: Emission from process unit (non-combustion)

m 15 Transportation mode, function of material and 4: U.S. flag residual ail (dirty tanker)

means of movement 5: South Atlantic node

W: crude pipeline from supply reg 3 to PADD Il
B: Barge residual oil (clean barge)

I: West Texasto PADD I

J: U.S. flag light products (clean tanker)

M: Aggregate/avg rail, truck, vessel, barg for ETH
O: U.S. flag LPG

R: PADD IIl loop to PADD I

S: PADD Il capelineto PADD Il

T: Light product pipeline

U: LPG, C4, CC5 pipeline

V: Bargeresidua oil (dirty barge)

X: Local transportation

Y: Pipeline PADD Il to demand region 6

Z: Psudo link

0 8 OGSM regions 0: OGSM 1A East Coast

1: OGSM 1B East West part
2: OGSM 2 Gulf Coast

3: OGSM 3 Midcontinent

4. OGSM 4 Permian Basin
5: OGSM 5 Rocky Mountain
6: OGSM 6 West Coast

A: OGSM A Alaska North
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Index

No. of Values

Description

Members

3

Refining regions

E: PADD |
B: PADD II, PADD lll, PADD IV
W: PADD V

Type of transportation

V: Vesse
P: Pipeline

Exporting regions

2: Export cd for PADD | (region E, cd 2)

3: Export cd for PADD |l (region B, cd 3)
7: Export cd for PADD Il (region B, cd 7)
8: Export cd for PADD 1V (region B, cd 8)
9: Export cd for PADD V (region W, cd 9)

Nn

Negative shift in demand

N1, N2, N3

On

Natural Gas refinery supply steps

N1, N2, N3, N4, P5, P6, P7, P8

Positive shift in demand

P1, P2, P3

am

11

Quiality code for gasoline blending

AR: Aromatics

BZ: Benzene

E2: E 200

E3: E 300

MO: Motor octane

PO: Percent oxygen

OL: Olefine

RO: Research octane

RV: Reid vapor pressure
SL: Sulfur

RE: renewables component (due to required minimum
contribution to oxygenates)

qd

Quiality code for distillate

AR: Aromatics

FL: Flash point

FZ: Freezing point

GR: Gravity

LM: Luminometer number
SL: Sulfur

VB: Viscosity

Qs

Step label for crude oil imports

Q1,Q2, Q3

Rs

Step label for product imports

R1, ..., R9,

S1

Step label for product demands

S1

SX

Product exports

SX

Z9

Distress imports and exports

Z9

col

Codl type used for CTL processing

CL1: 100% N. Appalachian

CL2: 10% Eastern Interior, 10% Dakota Lignite,
80% Powder River

CL3: 100% Powder River
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Index No. of Values Description Members

crt 12 Crude groups by quality and origin ALL: Alaskan, APl 25-66, S<0.5, B<15
AMH: Alaskan, APl 21-32, S<1.1, B>15
DLL: Domestic, APl 25-66, S<0.5, B<15
DMH: Domestic, API 21-32, S<1.1, B>15
DHL: Domestic, APl 29-56, S<1.99, B<15
DHH: Domestic, API 23-35, S<3.0, B>15
DHV: Domestic, API<23, S>0.7, B>15
FLL: Foreign, APl 25-66, S<0.5, B<15
FMH: Foreign, API 21-32, S<1.1, B>15
FHL: Foreign APl 29-56, S<1.99, B<15
FHH: Foreign, API 23-35, S<3.0, B>15
FHV: Foreign, API<23, S>0.7, B>15

dfo 6 Distillate fuel oil blends JTA: Jet fuel

N2H: Number 2 oil

DSL: Low sulfur diesel
DSU: Ultralow sulfur diesel
N6I: Low sulfur resid

N6B: High sulfur resid

emu 6 Emission type CAR: Total carbon

CO1: Carbon monoxide

CQO2: Carbon dioxide

NOX: Nitrous oxides

SOX: Sulfur oxides

VOC: Volatile organic compounds

ist 798 Refinery intermediate streams LNI: Light naphtha, (175-250) intermediate
LNN: Light naphtha, (175-250) naphthenic
LNP: Light naphtha, (175-250) paraffinic

mgb 2 Gasoline blends TRG: Conventional gasoline
RFG: Reformulated gasoline

mod many Operating mode C2A: Ethyl alkylate
C3A: Propyl akylate
C4A: Butyl akylate

ncr 11 Non crude purchase ARB: Atmospheric resid of type B
BIM: Biomas diesel

CC3: Propane

ETH: Ethanol

HGM: Heavy gas oil medium sulfur
IC4: 1sobutane

MET: Methanol

MTB: M.T.B.E.

NAT: Natural gasoline

NC4: Normal butane

NPP: Paraffinic naphtha
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Index No. of Values Description Members

pol 36 Policy type LOS: Lost

OVC: Other variable cost

MSD: Maximum distillation feed, cat cracker
MSR: Maximum low sulfur resid, cat cracker
SVR: Maximum severity, cat cracker

HOO0: Maximum 100 severity, HP reformer
HO05: Maximum 105 severity, HP reformer

prd 20 Products AST: Asphalt

COK: Coke

DSL: Low sulfur diesel

DSU: Ultralow sulfur diesel

E85: 85% Ethanol and 15% TRG

JTA: Jet fuel

KER: Kerosene

LPG: Liquefied petroleum gas

M85: 85% Methanol and 15% TRG
N2H: Number 2 ail

N67: Low sulfur resid to utilities

N68: High sulfur resid to utilities

N6B: High sulfur resid

N6l: Low sulfur resid

OTH: Other

PCF: Petrochemical feed stock

RFG: Reformulated gasoline

RFH: Reformulated high oxygen gasoline
TRG: Conventional gasoline

TRH: Conventional high oxygen gasoline

pri 13 Product imports DSL, DSU, JTA, LPG, MET, MTB, N2H, N6B, Nél,
OTH, PCF, RFG, TRG, SSR

prx 10 Product exports COK, DSL, DSU, JTA, LPG, N2H, N6B, N6l, OTH,
PCF, TRG
px9 16 Distress exports AST, COK, DSL, DSU, JTA, LPG, N2H, N67, N68,

N6B, N6l, OTH, PCF, RFG, RFH, TRG, TRH

pi9 18 Distress imports AST, COK, DSL, DSU, E85, JTA, LPG, M85, N2H,
N67, N68, N6B, N6l, OTH, PCF, RFG, RFH, TRG,
TRH

ss 3 Sub-Spec Products SSR: Sub-spec Reformulated gasoline (RBOB)

SST: Sub-spec High Oxygenate gasoline BOB
SSE: Sub-spec Traditional gasoline BOB

unf 3 Unfinished oil ARB: Atmospheric residual bottom type B
HGM: Heavy gas oil medium sulfur
NPP: Medium naphtha paraffin

uns 82 (mrm) Process unit ACU: Atmospheric crude distillation
56 (erm) (excludes merchant & gas plant in ERM) See Appendix A.3.9 for complete list of processes

Energy Information Administration
NEM S Petroleum M arket M odel Documentation PageG -5



Index No. of Values Description Members

uuu 3 Utility KWH: Kilo-watt hour
NGF: Natural gasliquids
STM: Steam

In the naming of the columns and rows, the limit is a maximum of eight characters per name. The
following two tables give the name of the variable (activity) and therow (constraint) represented.

The general name structure for columnsis (v)(r)(abc)(def), where v iskey code, r is region code, abc and
def are 3 character names.

MRM ERM [ Name Activity Represented
X X B(r)(mgb)(ist) Blend stream (ist) to gasoline grade (mgb) in (r)
X C(d)ETCR(s) Ethanol from cellulose supply step (s) in (d)
X C(d)ETHR(s) Ethanol from corn supply step (s) in (d)
X C(d)BIMR(s) Biomas diesel supply step (s) in (d)
X D@METSL Total US demand for methanol
X X D(d)(prd)S1 Product (prd) demand in (d)
X D(d)(prx)SX Product (prx) exports from (d)
X D(d)(px9)Z9 Distress product (px9) export from (d)
X X E(r)(uns)INV Investment in new capacity for process (uns) in (r)
X X F(r)(dfo)(ist) Blend stream (ist) to distillate fuel ail (dfo) in (r)
X G(r)DGR Dry gasresiduein (r)
X G(r)GPLO1 Gas plant operations mode 01 in (r)
X G(r)(ist)(prd) Gas plant output transfer of stream (ist) to product (prd) in (r)
X G(r)MOHO01 Methanol plant operationsin (r)
X G(r)(ist)RFN Transfer of gas plant stream (ist) to refinery in (r)
X G(r)METDEM Methanol production from methanol plant in (r)
X G(r)ScC2CcC1 Shift of ethane to natural gasin gas plantin (r)
X G(r)SC3CC1 Shift of propane to natural gasin gas plant in (r)
X H(r)(uns)(mod) Production of mode (mod) for process (uns) at merchant plant in (r)
X H(r)(aa)(bb)(ist)* Transfer from (aa) to (bb) of stream (ist) in (r)
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MRM ERM [ Name Activity Represented
X I(d)(pi9)Z9 Distress product (pi9) imports to (d)
X I(r)(pri)R(s) Imported product (pri) step (s) to region (r)
X X K(r)(uns)CAP Existing capacity for process (uns) in (r)
X X L(r)(uns)BLD Addition to capacity for process (uns) in (r)
X N(r)(ncr) Purchase noncrude and additives (ncr) in (r)
X N(r)DGP Dry gas supply in (r)
X N(r)(col)N(s) Cod (col) supply curve step (s) for CTL production for region (r)
X N(r)NGKN(s) Alaska NG supply curve step (s) for GTL production for region (r)
X N(r)NGRF(On) Natural gas to refinery supply step (On) in (r)
X NZAMH(On) Export supply step (on) for Alaskan crude
X O@CRDEXP Alaskan crude exports
X O@CRDSPR SPRfill inUS
X P(0)DCRQ1 Domestic crudein (0)
X P(r)(crt) Supply of crude (crt) to (r)

X P(r)(crt)(Qs) Supply step (Qs) of imported crude (crt) to (r)
X PANGLQ1 Supply of natural gas liquids from Alaska North slope
X X Q(r)(mgb) Spec vector, total volume for (mgb) in (r)
X X Q(r)(dfo) Spec vector, total volume for (dfo) in (r)
X X R(r)ACU(crt) Volume of crude (crt) processed by the ACU unit in (r)
X X R(r)(uns)(mod) Refinery process (uns) operation for mode (mod) in (r)
X X R(r)CGNCGN Refinery (CGN) and Merchant (CGX) cogeneration plant operation in region (r)

R(r)CGXCGN
X X T(r)(ist)(ist) transfer of stream (ist) to stream (ist) and (prd) in (r)

T(r)(ist)(prd)
X T@UNFTOT Tota unfinished dilsin US

T(r)UNF(ist) Unfinished oils from stream (ist) in region (r) [regions E,B only]
X TAALLTOT Total Volume of ALL crude produced in Alaska
X TAAMHTOT Total Volume of AMH crude produced in Alaska
X TAAMHXZ Volume of AMH crude transported from Alaskato Valdez
X TAGTLTOT Total volume of GTL's transported from Alaska N. Slope to Vadez along TAPS
X TANSOTOT Total volume of crude transported from Alaska N. Slope to Vadez along TAPS
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MRM ERM [ Name Activity Represented
X X T(r)CBNTAX Carbon tax in (r)
X T(r)OVCOBJ Refinery plant operating variable costsin region (r)
X T(r)GPLOVC Gas pland operating variable costsin region (r)
X T(rYMCHOVC Merchant plant operating variable costs in region (r)
X X U(r)(uuu) Utility (uuu) purchased in (r)
X VTVC(m)CP Crude vessel transportation capacity for mode (m)
X VTVP(m)CP Product vessel transportation capacity for mode (m)
X VTPC(r)(m)(d) Crude pipeline transportation capacity from (r) to (d) using mode (m)
X VTPP(r)(m)(d) Product pipeline transportation capacity from (r) to (d) using mode (m)
X VTPL(r)(m)(d) LPG pipeline transportation capacity from (r) to (d) using mode (m)
X WAGTLJ(r) GTL transportation from Alaska (A) to region (r) using mode J
X W(r)(prd)(m)(d) Product (prd) transportation from (r) to (d) using mode (m)
X W(d)(ncr)(m)(r) Ethanol or Biomas diesel (ncr) transportation from (d) to (r) using mode (m)
X X(d)(prd)SPG Recipe blends of product (prd) for oxygenated fuels and electric utility residua oilsin (d)
X X X(r)(ist)(prd) Recipe blends of product (prd) from stream (ist) in region (r)
X X(d)(ner)(prd) Splash blending of (prd) from (ncr) in (d)
X X)) (yyyy)** Recipe blends (yyyy) in region (r)
X Y (0)(crt)(m)(r) Crude (crt) transportation from (o) to (r) using mode (m)
X Z(d)ETCTAX Total supply of ethanol from cellulosein (d) for adding tax credit to objective function
X Z(d)ETHTAX Total supply of ethanol from corn in (d) for adding tax credit to objective function
X Z(r)FLO(uns) Tota flow through processing unit (uns) in region (r)
X Z(r)RFGOXY Total OXY in RFG inregion (r)
X Z@TOTCRD Total foreign crude imports
X ZZAMHTOT Total export volume of Alaskan crude oil

* 1 (ad), (bb) = MP, GP, RF, where MP = Merchant plant, GP = Gas plant, RF = Refinery. For (ist), first
and last character of (ist).
**: (yyyy) = recipe blends for categories of products such as AST, PCF, OTH.

The general name structure for rows is: (v)(r)(abc)(def), where v iskey code, r is region code, abc and def
are 3 character names.
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MRM ERM [ Name Constraint Represented

X A(d)(prd) Product demand accounting row in (d) for (prd)

X A(d)BIMPRD Biomas diesel accounting row in (d)

X A(dRFG(yyy) Gasoline blending accounting row in (d) for mogas (yyy)
A TRG(yyy)

X A(X)PRDEXP Product export accounting row in (x)
A@PRDEXP and US

X A(r)PRDIMP Product import accounting row in (r)

X A@PRDRFN Accounting of total product produced at refinery

X A(dETHTAX Ethanol tax credit accounting row in (d)
A(d)ETCTAX

X X A(NINVST Investment accounting row in (r)
A@INVST and US

X X A(r)(prd) Product (prd) refined accounting row in (r)

X X A(r)CRX(crt) Crude ail (crt) accounting row in (r)

X A@CRDAKA Alaskan crude oil accounting row in US

X A@CRDDCR Domestic crude oil accounting row in US

X A@CRDEXP Crude ail export accounting row in US

X X A(r)CRDFCR Foreign crude oil accounting row in (r)
A@CRDFCR and US

X A@CRDL48 Lower 48 crude oil accounting row in US

X A@CRDSPR SPR crude oil accounting row in US

X X A@CRDTOT Total crude oil accounting row in US

X A(NETHRFN Ethanol to refinery accounting row in (r)

X X A(r)FUEL Fuel use accounting row in (r)
A@FUEL and US

X X A()FUM(xx) FUM accounting row in (r) for (xx)
A@FUM(xx) and US

X X A(r)FXOC Fixed cost accounting row in (r)
A@FXOC and US

X A(d)GO8(yyy) Gasoline blending accounting row in (d) for mogas (yyy)

X X ANG(I)(xxx) Gasoline blend components accounting row in (r) for (xxx);
A@G(1)(xxx) UStotal
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MRM ERM [ Name Constraint Represented

X X A(r)GAIN Gain accounting row in (r)
A@GAIN

X X A@KWHRFN Refinery KWH usage accounting row in US

X A(HMETIMP Methanol imports accounting row in (r);
A@QMETIMP US total

X A@METDEM Methanol demand accounting row in US

X A@METMS85 Accounting of methanol used for M85 splash blendingin US

X A@METPRD Methanol production accounting row in US

X X A(NMETRFN Accounting of methanol consumption by ETH refinery unit in (r)

X A(MTBRFN MTB refinery imports accounting row in (r)

X A(NMTBIMP MTB refinery imports accounting row in (r)

X X A()NGFTOT Natural gas purchase accounting row in (r);
A@NGFTOT US total

X A(r)NGLRFN Accounting of NGL transfer from gas plant to refinery in (r);
A@NGLRFN US total

X X A(r)NGLPRD NGL accounting in (r);
A@NGLPRD US total

X X A(r)NGSH2P Accounting of NGS consumption by H2P refinery unit in (r);
A@NGSH2P US total

X A()NGSMER Accounting of methanol transfer from gas plant to refinery in (r);
A@NGSMER US total

X A()NGSMET Methanol plant production accounting row in (r);
A@NGSMET US total

X X A(r)NGSRFN Accounting of NGF stream transfer to NGS stream in (r)

X X A(r)PETCOK Accounting of high & low sulfur coke production from recipe blending in (r) and
A@PETCOK us

X A@STGFU Minimum still gas consumed for fuel at refinery (total US)

X X A(r)SULSAL Accounting of sulfur production from recipe blending in (r)
A@SULSAL and US

X A@ZZEXP Total distress exports

X
A@ZZIMP Total distress imports

X X B(r)(ist) Balance for intermediate stream (ist) in (r)

X CAALLTOT Balance for Alaska crude type ALL

X CAAMHTOT Balance for Alaska crude type AMH
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MRM ERM [ Name Constraint Represented
X CAGTLTOT Balance for GTL's produced in Alaska
X CANSOTOT Balance for Alaska N. Slope crude
X C(n)CTLTOT Balance for CTL's produced in region (r)
X C@ETHBIO Minimum renewables requirement in gasoline (national)
X C(o)(crt) Crude balance for crude type (crt) in (0)
X X C(r)(crt) Crude balance for crude type (crt) in (r)
X C(nGTL Balance for GTL's transported from Alaskato region (r)
X CZAMH Alaskan crude exports
X X D(d)(prd) Final demand for product (prd) in (d)
X D@MET Tota demand for methanol
X E(r)(emu)(e) Emission of (emu) from source (€) in (r)
X F(r)UNF(unf) Unfinished oil balance for (unf) in (r)
X X F@TOTCRD Total crude balance for unfinished oil constraint in US
X G(r)(ist) Gas plant balance for stream (ist) in (r)
X G(r)(pol) Gas plant policy (pol) accounting row in (r)
X H(r)(ist) Merchant oxygenate plant balance row for (ist) in (r)
X H(r)FUMCAP Merchant oxygenate fuel balance row in (r)
X H(r)(pol) Merchant oxygenate plant policy (pol) accounting row in (r)
X X L(r)(uns)CAP Process (uns) capacity in (r)
X M(r)MTBRFG MTBE (and others) limit in RFG motor gasolinesin (r)
X M(MTBTRG MTBE (and others) limit in TRG motor gasolinesin (r)
X X M(r)(prd) Final product (prd) demand at refinery (r)
M(d)(prd) or CD (d)
X O(o)(crt) Domestic crude ail (crt) accounting in (o)
X X OBJ Objective function
X X P(r)(pol) Policy (pol) constraint in (r)
X X P(r)CBNTAX Carbon tax accounting row in (r)
X X Q(r)(prd)(qd)(c) Product (prd) specification for quality (qd) constraint type (c) in (r)
Q(r)(prd)(gm)(c) Product (prd) specification for quality (gm) constraint type (c) in (r)
X X S(r)(mgb)E Sum row for blending gasolines (mgb) in (r)
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MRM ERM | Name Constraint Represented
X X S(r)(dfo)E Sum row for blending fuel oils (dfo) in (r)
X X S(r)RFGOXY Constraint on renewable OXY limitsin (r)
X TANGKGTX Maximum NG production in Alaska for GTL use
X TAOILGTN Minimum flow requirement on TAPS in Alaska
X TAOILGTX Maximum flow requirement on TAPS in Alaska
X TVC(m)CP Crude oil vessel transportation capacity limits for mode (m)
X TVP(M)CP Product vessel transportation capacity limits for mode (m)
X TPC(r)(m)(d) Crude pipeline transportation capacity balance row
X TPL(r)(m)(d) LPG pipeline transportation capacity balance row
X TPP(r)(m)(d) Product pipeline transportation capacity balance row
X X U(r)(uuu) Utilities (uuu) in region r
X X Z(r)CAP(uns) Balance row for total capacity of (uns) in (r)
X Z(r)NGFSUM Sum row for natural gasto refineriesin (r)
X ZZAMHSUM Sum row for Alaskan crude export
X X Z@WOP Current world oil pricein value of RHS
X X Z@CRDTOT Sum row for total crudein US
X X Z@YRITER Iteration year
X Z@IRACX Sum row to force average refinery crude cost within specified range
X Z@IRACN Sum row to force average refinery crude cost within specified range
X X ZD(mmddyy) Month, day, year of matrix generation

(h=00,01,02,...,12

(xx) = LPG, N2H, N6B, N6I, NGS, OTH, STG
(xxx) = TRG and RFG

(yyy) = TRG, TRH, and/or RFG, RFH

There are several other accounting rows.

Thefollowing Table gives the dimensions of each model:

Model Columns Rows

Tota Fixed Tota Fixed
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Model Columns Rows
MRM (3 regions) 11134 489 4183 3285
ERM (single region) 2274 38 914 709
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G.2.b Subroutines

The program consists of several subroutines and a main program. The subroutines can be grouped as those
that setup the OML environment, read in the data tables, form parts of the matrix representation of the
model, solve the model, retrieve needed information for report writing, and write the reports. All the
subroutines that generate part of the matrix representation of the model use input from datafilesin an

OML format. Thesefiles have a.dat extension. Some subroutines use ASCI| files as input and some
others don’t use any. The following table shows the subroutine names, the input data file names, the
purpose of the subroutines, and the model that uses them.

Sour ce Code Datafile Purpose Models
accunit.f accunit.dat Represents ACU unit All
akaexp.f akaexp.dat Represents Alaskan exports MRM
avoids.f avoids.dat Represents the avoids MRM
cogener.f cogener.dat Represents the cogeneration MRM

cogenere.dat ERM
crdimprt.f crdimprt.dat Represents crude imports MRM
demand.f demand.dat Represents demands MRM
distbind.f distblnd.dat Represents distillate blending All
distress.f distress.dat Represents the distress imports and exports MRM
domcrude.f domcrude.dat Represents crude inputs MRM
emish.f emish.dat Represents emissions MRM
ermcrude.f ermcrude.dat Represents crude inputs ERM
ermother.f ermother.dat Represents non-crude inputs ERM
ermprod.f ermprod.dat Represents product demands ERM
ethanol .f ethanol.dat Represents ethanol supply and prices MRM
fixcol.f fixcol.dat Fixes some columns All (not used)
fuelmix.f fuelmix.dat Simulates fuel mixing All
gasobInd.f gasoblnd.dat Simulates gasoline blending All
limpol.f limpol.dat Puts limits on policy rows All
Iplookup.f Retrieves solution MRM (5-reg only)
mrm.f mrmparam, Program MPS2ANAL: Sets up the OML environment, reads | MRM

mrmpath in some main data, controls the program, calls subroutines to

main.dat form matrix, solves problem, stores solution, writes reports,

basis and packs matrix.

ermparam ERM

pathe

maine.dat
mchproc.f mchproc.dat Simulates the merchant plant MRM
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Source Code Datafile Purpose Models
ngprod.f ngprod.dat Provides gas supply steps to refinery MRM
nrfplant.f nrfplant.dat Simulates the non refinery plant activities MRM
output.f Prints areport MRM (5-reg only)
prdexp.f prdexp.dat Simulates the product exports MRM
prdimprt.f prdimprt.dat Simulates the product imports MRM
recipes.f recipes.dat Specifies product recipe blends All
refproc.f refproc.dat Simulates the refinery All
setrows.f setrows.dat Sets some rows All
splash.f splash.dat Simulates splash blending MRM
stream.f stream.dat Simulates stream transfers All
tabread.f Reads data tables All
transit3.f transit.dat Simulates the product and crude oil transportation for the 3- MRM
region representation of MRM
unfinished.f unfinish.dat Provide for unfinished oil imports MRM
utility.f utility.dat Simulates utility purchased MRM
utilitye.f utilitye.dat Simulates utility purchased ERM

Most of the subroutines that constitute the program generate part of the matrix representation of the
model. The following gives arepresentation of the submatrix generated by each subroutine in table form.
Columns of the tables correspond to activities (variables), and rows of the tables to constraints. The
symbols x, -x or +-x represent matrix coefficients.

accunit.f: This subroutine simulates the ACU unit. It creates the following submatrix:

R(r)ACU(crt)

C(r)(crt)

-X

L(NACUCAP

X

A(r)CRDFCR*

A@r)STM

A@CRDFCR*

A(r)CRX(crt)

A@CRDTOT

Z@CRDTOT*

F@TOTCRD
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R(r)ACU(crt)

B(n(ist)

+X

U(r)(uuu)

-X

P(r)(pol)**

+X

* for (crt) = FLL, FMH, FHL, FHH, and FHV
** for (pol) = OVC, FRL

Bounds: None

akaexp.f: This subroutine simulates the Alaskan exports. It creates the following submatrix:

NZAMH(i)

ZZAMHTOT

TAAMHXZ

PANGLQ1

0OBJ

+-X*

X

-X

-X

CAAMH

-X

CZAMH

X

BW(ist)

ZZAMHSUM

A@AKAEXP

A@CRDEXP

AANGLPRD

A@NGLPRD

AWNGLRFN

(i) = N1, N2, N3, P4, P5, P6
* 1 if i = N1, N2, N3; x if i = P4, P5, P6

Bounds: PANGLQ1, NZAMH(i)

avoids.f: Thissubroutine simulates the avoids. It isturned off. It creates the following submatrix:

D(d)(prd)N(i)

D(d)(prd)P(i)

D(d)(prd)

X

-X

A(d)(prd)

-X

X

A@PRDDEM

-X

X

A@AVDNEG

A@AVDPOS
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M)=1,..3

Bounds: D(d)(prd)N(i) and D(d)(prd)P(i)

cogener .f: This subroutine simulates the cogeneration unit. It creates the following submatrix

E()CGNINV

K(r)CGNCAP

L()CGNBLD

R(r)CGNCGN

B(r)FUL

-X

L(\CGNCAP

X

0OBJ

X

P(r)OVC

U(r)(uuu)

A@FXOC

A(r)FXOC

A@INVST

A(NINVST

A@KWHRFN

E()CGXINV

K(r)CGXCAP

L()CGXBLD

R(r)CGXCGN

B(r)FUL

-X

L(r)CGXCAP

X

OBJ

X

P(r)OVC

U(r)(uuu)

A@FXOC

A(r)FXOC

A@INVST

A(NINVST

A@KWHRFN

Bounds: E(r)CGNINV, K(r)CGNCAP, L(r)CGNBLD, E(r)CGXINV, K(r)CGXCAP, L(r)CGXBLD
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This subroutine simulates the crude imports into the United States. It creates the following

crdimprt.f: _
matrix:
P(N(crt)(Qs)
C(n(ert) X
OBJ X
Z@IRACN X
Z@IRACX x

(Qs) = supply step Q1,Q2,Q3

Bounds: P(r)(crt)Q(s)

demand.f:

This subroutine simulates product demands. It creates the following submatrix:

D(d)(prd)SL

D@METS1

D(d)(prd)

-X

OBJ

X

A(d)(prd)*

X

A@METDEM

A@PRDDEM

D@MET

* for (prd) not equal to E85 or M85

Bounds: D@METS1 and D(r)(prd)S1

distbInd.f:

This subroutine simulates the distillate blending. It creates the following matrix:

F(r)(dfo)(ist)

Q) (prd)*

B(r)(ist)

+X

M(r)(prd)*

Q(r)(prd)*(qd)(c)

+X

S(r)(dfo)E

U(rST™

A(r)(prd)*

A(r)STM
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F(r)(dfo)(ist)

Q(r)(prd)*

A@PRDRFN

X

* for (prd) = (dfo) only

Bounds: None

distress.f: This subroutine simulates product distresses. It creates the following submatrix:

I1(d)(pi9)Z9

D(d)(px9)Z9

OBJ

-X

-X

D(d)(pi9)

X

A@ZZIMP

X

D(d)(px9)

A@ZZEXP

Bounds: None

domcrude.f;

This subroutine simulates domestic crudes. It creates the following submatrix:

P(0)DCRQ1

PADCRQ1

O@CRDEXP

O@CRDSPR

OBJ

-X

-X

C(o)(crt)

X

CAALL

CAAMH

CBFHL

A@CRDDCR

A@CRDAKA

A@CRDLA48

A@CRDEXP

A@CRDSPR

A@CRDFCR

O(o)(crt)

(0) : except A

Bounds: P(0)DCRQ1, PADCRQ1, O@CRDEXP, O@CRDSPR
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emish.f:

This subroutine simulates emissions. It creates the following submatrix:

K(r)(uns)CAP

R()FUM(ist)

E(r)(emu)N

X

E(FUMC

Bounds: None

ermcruderf:

This subroutine simulates domestic crudes for ERM. It creates the following submatrix:

P(r)(crt)*

C(r)(crt)*

X

OBJ

-X

* (crt) = FHH, FHL, FHV, FLL, FMH, DLL, DMH, DHL, DHH, DHV.

(r) =region G only (i.e., single region)

Bounds: P(r)(crt)

ermother .f;

This subroutine simulates the non-crude inputs for ERM. It creates the following

submatrix:

N(r)(ist)*

B(r)(ist)*

X

OBJ

-X

A (is)*

X

* (ist) = (ncr) only
(r) =region G only (i.e., single region)

Bounds: N()(ist)

ermprod.f:

This subroutine simulates product demands for ERM. It creates the following submatrix:

D(r)(prd)S1

M(r)(prd)

-X

OBJ

X

(r) =region G only (i.e., single region)
Bounds: D(r)(prd)S1
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ethanol.f: This subroutine represents ethanol supply and prices. It creates the following submatrix:

D(d)ETH

C(d)BIMR(i)

C(d)ETCR(i)

X

Z(dETCTAX

C(d)ETHR()

X

Z(dETHTAX

X(d)ETHES5

OBJ

-X

-X

A(d)ETH

X

X

A()ETHTAX

A@ETHPRD

A(d)ETCTAX

A@ETCPRD

D(d)BIM

C@ETHBIO

A(d)BIMPRD

i=1..,4

Bounds. C(d)ETHR(i), C(d)ETCR(i), C(d)BIMR(i)
RHS: row C@ETHBIO

fixcols.f:

Bounds. R(r)FCC(ist)

fuelmix.f: This subroutine simulates fuel mixing. It creates the following submatrix:

OBJ

R(r)FUM (mod)

T(r'CBNTAX

-X

K(r)FUMCAP

This subroutine fixes some variables or activity. No submatrix is generated

P('CBNTAX

X

A(r)FUM(mod)

A@FUM (mod)

A(r)FUEL

A@FUEL

Bounds: None

gasoblnd.f:

This subroutine simulates gasoline blending. It creates the following submatrix:

B((ist)

-X

B(r)(mgb)(ist)

Q(r)(mgb)

Z(r)RFGOXY

M(r)(prd)
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B(r)(mgb)(ist)

Q(r)(mgb)

Z(r)RFGOXY

Q(RFGREN

-X

Q(n)(prd)(qa)(c)

S(r)(mgb)E

S(RFGOXY

U(NKWH

A(r)(xxx)(mgh)

A(r)(prd)*

A@(xxx)(mgb)

A@PRDRFN

M(r)MTB(mgb)

X**

* (prd) = (mgb) only; **ist=MTB,ETB,TAE,TAM,THE, THM only; (xxx) = GOL, ..., G12
Bounds: B(r)RFG(ist) and B(r)TRG(ist) whereist= ETB, MTB, TAE, TAM, THE, THM

limpol.f:  This subroutine defines policy conditions. It creates the following submatrix:

Z(r)CAP(uns)

K(r)(uns)CAP

X

E(r)(uns)INV

X

L(r)(uns)BLD

X

Z(r)FLO(uns)

-X

P(r)(pol)

-X

(uns) = specific units underpolicy controls (i.e., FCC, KRF,...)
Bounds: None

Iplookup.f: Retrieves solution values and stores them in arrays.

main.f: This subroutine reads in the mrmparam file that has the information relative to the model to run;
initializes the OML subroutine library environment; opens the database; specifiesa problem in the
database for processing; initializes the matrix processing; reads in the path file, the main.dat file
that contains some global variables such as the refinery, the exporting, and demand regions code;
calls the subroutines that generate the matrix; ends the matrix processing; writes out the MPSfile;
inserts the advanced basis; solves the matrix; puts the solution in output; writes the optimal basis;
prints reports; packs the matrix; and closes the database.

mchproc.f: This subroutine represents the merchant plant. It creates the following submatrix
K(r)(uns)CAP E(r)(uns)INV L(r)(uns)BLD K(FUXCAP H(r)(uns)(mod)
H(r)FUMCAP -X X
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K(r)(uns)CAP

E(r)(uns)INV

L(r)(uns)BLD

K(r)FUXCAP

H(r)(uns)(mod)

L(r)(uns)CAP

-X

-X

-X

X

OBJ

-X

-X

A@FXOC

X

X

A(fFXOC

A@INVST

A@)INVST

mchproc.f (Continued)

H(r)(uns)(mod)

H()KWHMCH

H(r)(a)(bb)(ist)*

T()MCHOVC

N(r)NGKN(s)

N(r)(col)N(s)

H(r)(ist)

+X

X

H(r)(uuu)

H(r)(pol)

G(r)(ist)

B(r)(ist)

H(rKWH

H(ovC

H(r)STM

TANGKGTX

A@NGLPRD

OBJ

-X

-X

-X -X

-X

H(r)(col)

mchproc.f (Continued)

TANSOTOT

TAGTLTOT

H(r)(ag)(bb)(ist)*

TAOILGTN

X

TAOILGTX

X

CAAMH

CAGTLTOT

CANSOTOT

C(r)CTLTOT

C(r)GTL

-X
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*: first and last character of (ist); (aa) and (bb) = MP, GP, RF

where MP = Merchant plant, GP = Gas plant, and RF = Refinery

Bounds: K(r)(uns)CAP, E(r)(uns)INV, L(r)(uns)BLD, H(r)GPMP(ist) and H()RFMP(ist) = 0;

N()NGKN(s), N(r)(col)N(s)

RHS: rows TANGKGTX, TAOILGTN, TAOILGTX

ngprod.f: This subroutine represents the gas supply steps to refinery. It creates the following submatrix

N(r)NGRF(ij)*

OBJ

Xk *

Z(NGFSUM

X

* (i) = N1, N2, N3, N4, P5, P6, P7, P8

** +x for N1, N2, N3, N4 and -x for P5, P6, P7, P8

Bounds: N(r)NGRF(ij)

nrfplant.f:

G(r)DGR

G(r)GPLO1

T()GPLOVC

N(r)DGP

G(ovC

-X

X

G(r)DGP

X

G(LOS

-X

G(r)(xxx)

G(rccl

OBJ

nrfplant.f (Continued)

G(r)(xxx)

G(r)NATOTH

-X

G()NATPCF

-X

G(r)(xxx)*LPG

-X

G(r)(xxx)**RFN

-X

OBJ

-X

-X

-X

-X

A(r)GPL(xxx)™

X

X

X

A(NGLRFN

A@NGLRFN

B(r)(xxx)**

M(r)(prd)**

A()NGLPRD

A@NGLPRD
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nrfplant.f (Continued)

G(r)Sc2cCcl

G(r)SC3CcCl

G(r)METRFN

G(r)METDEM

G(r)ccl

X

X

G(r)CcC3

-X

G(LOS

X

G(r)PGS

0OBJ

A(NGSMER

A@NGSMER

B()MET

G(MET

D@MET

nrfplant.f (Continued)

E(MOHINV

L(MOHBLD

K()MOHCAP

G(rMOH01

L(MOHCAP

-X

-X

-X

X

G(MET

X

G(ryove

-X

U(NGF

U(nKWH

A()NGSMET

A@NGSMET

A@METPRD

OBJ

A@)INVST

A@INVST

A(r)FXOC

X

A@FXOC

X

(xxx) : PGS, CC3, IC4, NC4, NAT
* 1 (xxx) except NAT ; **: (xxx) except PGS, CC3; *** LPG, OTH, PCF

Bounds: G(r)SC3CC1, N(r)DGP, E(r)MOHINV, K(r)MOHCAP, L(r)MOHBLD

output.f: This subroutine prints reports.
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prdexp.f: Simulates product exports. It creates the following submatrix:

D(2)(prx)*SX D(z)COKSX D(2)ASTSX
D(2)(prx) X X x
OBJ X X
A@COKEXP X
A(d)PRDEXP X X
A@PRDEXP X X

*: All (prx) except COK and AST; (2) = export demand regions (d) 2,3,7,8,9

Bounds: D(2)(prx)SX, except for (prx) = COK

prdimprt.f :

This subroutine simulates product imports. It creates the following submatrix:

I(r)(pri)*R(s) 1(r)(pri)**R(s)

A@(pri)*IMP

X

A(n(pri)*IMP

X

B(r)(pri)*

X

A(r)(pri)RFN

X***

A(r)PRDIMP

A@PRDIMP

M(r)(pri)**

OBJ

* . for (pri) = MET and MTB; **: for al (pri) except MET and MTB;
*** for (pri) = MTB only; (s) = import steps 1-3 or 1-9

Bounds: I(r)(pri)R(s)

recipes.f: This subroutine simulates product recipe blending. It creates the following submatrix:

XN (xxx)(yyy) X(N(yyyy)
B(r)(ist) -X -X
M()(yyy) X X
0oBJ X -X*
U(r)ST™M -X**
A(r)STM -X**
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X(r)(xxx)(yyy) X()(yyyy)
AM(yyy) XF* X
A(r)SULSAL XEHEE
A@SULSAL xR
A(r)PETCOK XE**
A@PETCOK XER*
A@PRDRFN XEHH X

(xxx) = AST, AVG, CKH, CKL, GOP, SUL ; (yyy) = AST, OTH, COK, PCF, SAL
(yyyy) = ASTO, AST1, AVGO, GOPQ;
*: for (yyyy) = AVG*; **: for (yyyy) = ASTO; ***: for (yyy) = COK; **** for (yyy) = SAL

refproc.f: This subroutine simulates the refinery processes. It creates the following submatrix:

E()(uns)INV | K(r)(uns)CAP | L(r)(uns)BLD T(r)OVCOBJ R(r)(uns)(mod) RHS
0OBJ -X -X -X
B(r)(ist) x
L(r)(uns)CAP -X -X -X X
U(r)(uuu) +-X
P(r)(pol) N x
P(r)CBNTAX** % kR
M (F)(proy**** -X
A(nINVST X
A@INVST X
A(r)FXOC X X
A@FXOC X X
A(r)GAIN +-X
A@GAIN +-X -X
A(MMETRFN X<
A()NGSH2P XH**
A@NGSH2P X***
A@MTBPRD XFFHE
A(r)STM -X
A@STGFU XFFHE®
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*: when (pol) = OVC; **: when (uns) = ETH; ***: when (uns) = H2P; ****: when (uns) = ETH and
(mod) = MTB; *****: FUM only; ******: N6I, N6B only.

Bounds: K(r)(uns)CAP, E(r)(uns)INV, L(r)(uns)BLD, R(r)(uns)(mod)

RHS: rows A@GAIN, A@STGFU

Range: A@GAIN

setrows.f: This subroutine sets the row types (G, L, E, N) for rows P(r)(pol).

splash.f:  This subroutine simulates splash blending. It creates the following submatrix:

X(d)ETH(xxx) X(dMETM85 X(d)(www)SPG B(r)RFG(sss) B(r)RFG(rrr)
D(d)(xxx) X D Gl
D(d)ETH X
D(d)(yyy) X
D(d)M85 X
D(d)MET X
A(d)GO8(xxx) X*
A@ETH(xxx) X
A@METM85 X
A(d)RFG(xxx)**
not linked to col
A(d)TRG(xxxX) X***
D(d)(www) X
D(d)(ttt) X
Q(r)RFGREN X** X
S(r)RFGOXY X* X
(rrr) = ETB, MTB, TAE, TAM, THE, THM,; (sss) = ETB, TAE, THE;
(ttt) = N6B, N6I; (www) = N67, N68; (xxx) = E85, RFG, RFH, TRH, TRG;
(Yyy)=SSR when (xxx)=RFG, RFH and (yyy)=SST when (xxx)=TRH and
(yyy)=SSE when (xxx)=TRG;
*: (xxx) not E85; **: (xxxX)=RFG, RFH only;
**x:(xXX)=TRG, TRH only; ****:(xxxX)=TRG only
Bounds: none.
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stream.f: This subroutine simulates stream transfers. It creates the following submatrix:

T(n(ist)(ist)

T(N(ist)(prd)

B(r)(ist)

+X

-X

M(r)(prd)

X

A(n)(prd)

X

A@PRDRFN

X

tabread.f:

transit3.f:

This subroutine prints the data file names, the number of tables and lists the tables names

that are read.

This subroutine simulates the transportation network for MRM 3-region

Y (0)*(crt)(m)(r)

W(d)ETH(m)(r)

W(r)MET(m)(d)

W(s)(prd)(m)(d)

V (XXXXXX)

C(o)(crt)

-X

C(r)(crt)

X

OBJ

-X

X****

TVC(m)CP

TPC(0)*(m)(r)

B()ETH

D(d)ETH

D(r)ETH

X**

A(ETHRFN

B()MET

D(d)MET

M(r)(prd)

M(d)(prd)

TPL(s)(m)(d)

* ok ok ok
X

TPR(s)(m)(d)

X***

D(d)(prd)

TVP(m)CP

(XXXXXX)
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transit3.f: (continued)

Y(©)*(crt)(m)(r) | TANSOTOT | TAAMHXZ | TAGTLTOT | W(d)BIM(m)(r) | WAGTLJ()
C(r)GTL X
CANSOTOT X -X X
OBJ -X -X -X
B(r)BIM X
D(d)BIM -X

* OGSM supply (0) and refinery (r) regions; ** for (r)=Census Division
*** for (prd) different than MET, ETH; **** for (prd) = LPG and PCF;

(s) : refinery (r) and demand (d) regions; (xxxxxx) = TV C5CP, TVPJCP,

Bounds: V (xxxxxx), W(d)ETH(m)(r)

unfinished.f:

T()UNF(ist)

T@UNFTOT

RHS

B(r)(ist)

X

F(r)UNF(ist)

-X

OBJ

-X

A(r)UNF

A@UNFIMP

A(UNFIMP

F@TOTCRD

utility.f:

U(r)(uuu)

R()KWGPGN

T()NGFNGS

U(r)(uuu)

X

XK E*

OBJ

-X

A@KWHRFN

X*

B()NGS

A(NGSRFN

A@NGFTOT

* Kk
X

A(NGFTOT

X***
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U(r)(uuu) R(NKWGPGN T()NGFNGS

Z(NGFSUM

* ok Kk
-X

*: for (uuu) = KWH ;***: for (uuu) = NGF

utilitye.f: This subroutine is the same as utility.f, except that it isfor ERM, and (r)=refinery region G only
(i.e., single region).

All the FORTRAN files are located in the directory /default/source/.

G.2.c Common Blocks

Variables shared by severa subroutines are set up in common. There are four files that contain the
common blocks used by the program. Some of the files consist of several common blocks.

The following table lists the common block names, gives a brief description and the location of the block.

Common Description Location

IPMMREAL Common for real variables shared by subroutines that /default/includes/ipmmtest
generate submatrices

IPMMINT Common for integer variables shared by subroutines that /default/includes/ipmmtest
generate submatrices

IPMMCHAR Common for character variables shared by subroutines that /default/includes/ipmmtest
generate submatrices

LPTAB Common used for solution retrieval and report writing /refine/pmm_Ip_gen/includes/Ipout

OMLREAL Common for real variables used to set LP mrmory size /default/includes’omlspace

OMLINT Common for integer variables used to set LP mrmory size /default/includes/omlspace

DFINC2 Common for OML database functions /default/includes/dfinc2

WCR Common for the WHIZ optimizer /default/includes/wfinc2

A ligt of the common blocks and the variables that constitute them is given in Appendix G-D.

Energy Information Administration
NEM S Petroleum M arket M odel Documentation Page G - 30



G.3 Data

Most of the data that the program usesis provided in files with a .dat extension. Thereisaoneto one
correspondence between the FORTRAN files that form part of the matrix and the .dat data files (ex
accunit.f getsitsinput from accunit.dat). In each of the .dat files, the datais arranged in an OML format
that consists of tables. Each table consists of atable name; row or stub and column or head names; and
values at the intersection of rows and columns. In addition there are ASCI| files. These ASCII files are for
control of the program. The following is the description of each input file.

G.3.a Data Sets

.dat files
accunit.dat
Table Name Columns Rows Description
ACUCUTS (crt) (ist); FUL Crude didtillation yield
ACUPOL OVC, LOS (crt) ACU policy table
ACUUTI (uuu)* (crt) ACU utility consumption
INVLIM MAX n,@ Maximum investment
* except NGF
akaexp.dat
Table name Columns Rows Description
EXPAKA P, Q N1, N2, N3, P4, P5, P6 Price and quantity of Alaskan crude exports.
NGLAKA PER PGS, CC3, NC4, IC4, and Yield of NGL
NAT
PRQAKA VOL, TRP, EXPPRC A Volume, and transportation and expected cost for
Alaskan crude exports
avoids.dat (no longer used)
Table Columns Rows Description
SADELPX FACTORS N1, N2, N3, P1, P2, P3 Price differentiate
PRDAVOID DUMMY (prd) Product list
SADELQ N1, N2, N3, P1, P2, P3 (prd) Demand shift quality fraction
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cogener .dat

Table Columns Rows Description
CGNCAP CAP, PUL, BLD ) Refinery cogeneration capacity, %outilization and
build
CGNINV INV, FXOC, CAPREC ) Refinery cogeneration investment, fixed cost and
capital recovery
CGNPOL ovC CGN Refinery cogeneration policy
CGNREP CGN FUL Refinery cogeneration yields
CGNUTI (uuu)* ) Refineiry cogeneration utility usage
SELCGN SOLD N % cogeneration sold to grid from Refinery
VEPLAS n (year) Electric utililty prices for Refinery cogen
(87%/kwh)
CGXCAP CAP, PUL, BLD ) Merchant plant cogeneration capacity,
Y%utilization and build
CGXINV INV, FXOC, CAPREC ) Merchant plant cogeneration investment, fixed
cost and capital recovery
CGXPOL ovC CGN Merchant plant cogeneration policy
CGXREP CGX FUL Merchant plant cogeneration yields
CGXUTI (uuu)* ) Merchant plant cogeneration utility usage
SELCGX SOLD N % cogeneration sold to grid from Merchant plant
VEPLWS ) (year) Electric utililty prices for Merchant cogen
(87%/kwh)
* except NGF
cogenere.dat
Table Columns Rows Description
CGNCAP CAP, PUL, BLD G Cogeneration capacity, %outilization and build
CGNINV INV, FXOC, CAPREC G Cogeneration investment, fixed cost and capital
recovery
CGNPOL ovC CGN Cogeneration policy
CGNREP CGN FUL Cogeneration yields
CGNUTI (uuu)* G Cogeneration utility usage
SELGEN SOLD G % cogeneration sold to grid
* except NGF
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crdimprt.dat

Table Columns Rows Description
CRUDETYPE DUMMY (crt)* Foreign crude types
ICR(crt)*(r) C1,Q1,C2,Q2 C3,Q3 (year) Price and quantity available for crude imports.

*: for (crt) = FLL, FMH, FHL, FHH, FHV (i.e. foreign crudes)

demand.dat
Table Columns Rows Description
CKSMIX CKL, CKH OBJ, CKL, CKH, COK Coke price and conversion factor
PRODLIST DUMMY (prd) List of products
(prd)* (d) (year) Product (prd) demand
DEMMET CHEM (year) MET demand by Chemical Industry

* RFH mapping and corresponding table renamed to RFHA due to duplicate table name elsewhere.

distblnd.dat
Table Columns Rows Description
Q(r)DFO (dfo) (spec) Distillate fuel oil blend specs
DFOUTI STM (dfo) Distillate blend steam use.
DCC (dfo)* (ist) Distillate recipe blend.
DCB Spec categories ** (ist) Distillate blend intermediate stream quality
specification.
* from ZZMAPDFOPD
** from Z:MAPDFOSP
distress.dat
Table Columns Rows Description
ZPX VALUE (prd) Distress code for pricing
domcrude.dat
Table Columns Rows Description
DCRSUP (o) Y96 Historical crude supplies by OGSM region
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Table Columns Rows Description
DCRSHR (o) (crt)* Domestic crude share by OGSM region

CREXP CRDEXP, CRDSPR VOL Crude exports and SPR

*: (crt) except FLL, FMH, FHL, FHH, FHV

emish.dat
Table Columns Rows Description
EMUNS (emu)* Process unit Emission by process unit
EMFUM (emu) Fuel stream burned Emission by fuel burned
* except CO2
ermcrude.dat
Table Columns Rows Description
CRUDEG CST, MIN, MAX (crt) Crude cost and volume limits
ermother.dat
Table Columns Rows Description
OTHERG CST, MIN, MAX (ncr) Non crude cost and volume limits
ermprod.dat
Table Columns Rows Description
PRODUCTG REV, MIN, MAX (prd) Product revenue and volume limits
ethanol.dat
Table Columns Rows Description
SUPETH(d)* C1,R1, C2,R2, (year) Ethanol supply curves
C3,R3,C4, R4
ETHTAX TAXETH, TAXE85 (year) Ethanol taxes; tax subsidy
MINRENEW USMIN (year) Min renewables required in gasoline (US total)
SUPBIM C1,R1, C2,R2, (d) Biomas diesel supply curves
C3,R3,C4,R4

* (d) from Z:CDMAP
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fixcols.dat

(no longer used)

Table Columns Rows Description
FIXCOL R Dummy First letter of column to fix
(rRCOL FCC (mod) Column to fix to zero
fuelmix.dat
Table Columns Rows Description
GROUP DUMMY Fuel stream List of fuel stream
gasoblnd.dat
Table Columns Rows Description
Z:MAPGSLPD ENSYS CODE TRG, RFG Map Ensys mogas ID to EIA mogas ID
Z.MAPGSLSP ENSYS CODE EIA codes Map Ensys spec ID to EIA spec ID
Q(r)GSL TRG, RFG (spec) TRG, RFG specs
(NSSR Y1, Y2 Y3 Y4, Y5 RFG(spec); YEAR Gasoline specs for subspec SSR ; year of data
(r)SsT Y1,Y2 Y3, Y4,Y5 TRG(spec); YEAR Gasoline specs for subspec SST; year of data
(nSSE Y1, Y2 Y3 Y4, Y5 TRG(spec); YEAR Gasoline specs for subspec SSE; year of data
(RFH Y1,Y2 Y3, Y4,Y5 RFG(spec); YEAR Gasoline spec for RFH; year of data
(NTRH Y1, Y2 Y3 Y4, Y5 TRG(spec); YEAR Gasoline spec for TRH; year of data
Z:GASGROUP TEXT(2) (ist) List of blending streams specially grouped
GCB Quality codes (ist) Gasoline blend intermediate stream quality
specification.
GCC Gasoline type (ist) Gasoline recipe blend.
MCO Motor octane codes* (ist) Gasoline component base octane ratings
(xxx)BV Motor octane codes** (ist) Gasoline component blending values
GSLUTI KWH (prd), SSE, SST, SSR Gasoline utility use.
GSPETH RE RFGN Gasoline specs for ETH

(spec) = 2 character quality code followed by X (maximum) or N (minimum).
(xxx) = many exist, however, PMM uses UNC and RFM defined by Z:MAPGSLPD (representing TRG and RFG, respectively).
* ROO, RO5, R15, R30, M0O, M05, M 15, M30, of which only ROO and MOO are used by the PMM.

** same as *, except column TEL added (but not used by the PMM).
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limpol.dat

Table Columns Rows Description
UNITPOL DUMMY (uns) List of processes that have alimit on POL
LIM(uns)(r) (ist) DUM Limit on (ist)
refmain.dat
Table Columns Rows Description
EXPROD DUMMY (prx) List of product exports
INVFACT LOC, ENV N Location and environment factors
TRSOVC ovC ) Y ear $ conversion factor for operating cost
FORCRD DUMMY (crt)* List of foreign crudes
YRDOLLAR 2000 1987 Y ear $ conversion factor
ZIRACFAC DELTA ZIRAC Range of price differential for IRAC
WOP WOP (year) World oil price (87%)
RFNREG PAD N List of refinery regions vs PADD
RFNEXP RFID Linked list of refinery and List of exporting regions
export regions
DEMNDREG REGION Linked list of refinery and List of demand region
demand regions
USERYEAR YEAR Y96 Y ear to run model
* FFL, FMH, FHL, FHH, FHV
maine.dat
Table Columns Rows Description
EXPROD DUMMY (prx) List of product exports
INVFACT LOC, ENV G Location and environment factors
TRSOVC ovCe G Conversion factor for operating cost
FORCRD DUMMY (crt)* List of foreign crudes
YRDOLLAR 1991 1987 Conversion factor
ZIRACFAC Ddta ZIRAC Range of price differential for IRAC
WOP WOP (year) World ail price
RFNREG REFINERY G List of PADDs
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Table Columns Rows Description
DEMNDREG REGION GG List of demand region

USERYEAR YEAR YR95 Y ear to run model

* FFL, FMH, FHL, FHH, FHV

mchproc.dat
Table Columns Rows Description
MCHINV INV, FXOC, CAPREC (uns) Merchant plant investment, fixed cost and capital
recovering
('CAPMCH CAP, PUL, BLD (uns) Merchant plant processes capacity, % utilization
and build.
(uns)POL* (pal) (ist) Merchant plant processes policy
(uns)CAP* (uns)CAP (ist) Merchant plant process capacity
(uns)REP* (mod) (ist) Merchant plant process yields
(uns)UTI* (uuu) (ist) Merchant plant process utility usage
TRANSFER Dummy GP, MP, RF Transfer alowed
RFTRANS MP (ist) Refinery transfer to merchant plant
GPTRANS MP (ist) Gas plant transfer to merchant plant
MPTRANS GP, RF (ist) Merchant plant transfer to gas plant and refinery
MPTRANS1 GTLRF, CTLRF (ist)** Merchant plant transfer to refinery
(nUAP CST (uuu) Utility purchases
* uns defined by T:MCHINV
** (i) related to GTL and CTL liquid streams
ngprod.dat
Table Columns Rows Description
SPNGF ALLREG N1, .., N4, P5, ..., P8 Price steps for gas supply
SQNGF MAX, MIN N1, .., N4, P5, ..., P8 Quantity steps for gas supply
SCVAL (9] VOL Volume limits on each step
nrfplant.dat
Table Columns Rows Description
INVMOH INV, CAPREC, FXOC MOH Non refinery plant process investment, capital
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Table Columns Rows Description
recovery, and fixed cost.
MOHPLT (no1 CC1, MET, OVC, KWH Production of methanol
MOHCAP (no1 CAP Methanol capacity
GASPLT (no1 (ist), (pol) Yield from gas plant
GASSHFT SC2, SC3 CC1, LOS, OBJ Shift from ethane and propane to methane
GASCAP (no1 FAC, CAP, LIM, PCU Gas plant capacity limits
CC1CAP (no1 (year) Dry gas production capacity
prdexp.dat
Table Columns Rows Description
(X)PRDEXP MINY1, MAXY1, (prx), YEAR Limit on volume to export; year of data
MINY2, MAXY 2,
... MINY5, MAXY5
EXPLIM YRPC, FIX 1995 Limit on volume and yearly increase
MULTEXPR MULT PRICE Price for exports as function of imports
(x) = export regions (CDs 2,3,7,8,9).
prdimprt.dat
Table Columns Rows Description
PRODTYP DUMMY (pri) List of product import
IMPLIM MAX @ Maximum importsinto USA
IPR(pri)(r) C1,R1, .., C3, R3 (year) Product import supply curve
NEMSRSD R1B, R1PR R1, .., R9 Resid import supply curve
recipes.dat
Table Columns Rows Description
RCPEIA A, CST, JTA, N2H, SLP, KERSPG, SULSAL, Cost of sulfur and coke; kerosene split; unit
CKH, CKL CKHCOK, CKLCOK conversions.
RCP A, CST, component stream, Recipe blended products Recipe blends (fractions)

ST™M
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refproc.dat

Table Columns Rows Description
(nCAP CAP, PUL, BLD (uns) CAP, PUL and BLD values
(uns) (mod) (ist), (uuu), CAP, (pol) Refinery process yidds, utility usage, capacity
factor, policy
MATBAL A, B (ist) Streams requiring material balance
INV INV, FXOC, CAPREC (uns) Refinery processes investment, fixed cost and
capital recovery
SCL selected processing units selected streamg/utilities selected factors applied to selected coeff in T:
(uns)
setrows.dat
Table Columns Rows Description
(nPOL TYPE (pol) Row type
splash.dat
Table Columns Rows Description
HOXETH TRH, RFH, RFG, TRG Gasoline stream Ethanoal recipe for splash blending
BLNSP(d) KER, N67, N68 JTA, N2H, KER, N6l, N6B, | Blend composition recipe
N67, N68
BLOX(d)Y XX E85, M85, TRH, RFH, Gasoline stream Recipe blend composition
RFG, TRG
XETH PO XETH Oxygen content of ethanol
SCB PO Oxygenate stream Oxygen content of oxygenates
stream.dat
Table Columns Rows Description
XSALE DUMMY (ist)(prd) Linked list of stream transfer to products
TRS MIN, MAX, CST (ist)(ist) Linked list of stream to stream transfers
transit.dat
Table Columns Rows Description
MVCCAP MAX TVC(m)CP, TVP(m)CP Marine vessel capacity for crude & product
BVPCAP MAX TVP(mM)CP Marine barge capacity for product
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Table Columns Rows Description
PLCCAP MAX TPC(0)(m)(r) Pipeline capacity for (C) crude
TPP(r)**(m)(d) (P) product
TPL(r)**(m)(d) (L) LPG

TPCRLIST DUMMY (0) Domestic crude supply regions for transportation

TPCR(0) (crt); GTL (m)(r); TAPS Crude oil transportation cost from domestic
supply region (o) to refinery region (r)

PLCRLIST DUMMY (o) List of domestic crude oil supply regions for
pipeine

PLCR(0) (crt) (m)(r) Crude pipeline transportation cost from (o) to (r)

BVPR(r) (prd) (m)(d) Product bargeftruck transportation cost from (r) to
(d)

TPPR(r) (prd) (m)(d) Product marine transportation cost from (r) to (d)

TPME(r) MET (m)(d) Methanol transportation cost from (r) to (d)

TPETLIST DUMMY (d) List of Census Divisions for ethanol transportation
source

TPET(d) ETH (m)(r)** Ethanoal transportation cost from (d) to (r)

PLPRLIST DUMMY (d) List linked census divisions for product pipeline
from region B to East Coast

PLPR(r)** (prd), SSE, SST, SSR (m)(d) Product pipeline transportation cost from (r)** to
(d)

PLLG(r) LPG, PCF (m)(d) LPG transportation cost from (r) to (d)

PLNKLIST DUMMY (n** List of product pipeline originations.

PLNK(r)** (prd), SSE, SST, SSR (m)(r)** Product pipeline transport connections and costs
from (r)** to (r)**

TPBDLIST DUMMY (d) List of Census Divisions for biomas diesel
transportation source

TPBD(d) BIM (m)(r) Biomas diesel transportation cost from (r)

** refinery (r) and/or demand (d) regions
unfinish.dat

Table Columns Rows Description

UNFOIL E, B, PD streams: NPP, HGM, ARB Types (3) of unfinished oil importsinto the U.S.

UNFEQT SLOPE, CONST XYz eq. parameters that correlate unfinished oil

imports to crude input
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utility.dat

Table Columns Rows Description

UTITRS COEF NGFNGS BFOE natural gas.

(nUAP CST (uuu) Utility costs.

VALPNG )] (year) Industrial price of natural gas.

VPELIN ) (year) Industrial elec utility prices (87$/kwh)
utilitye.dat

Table Columns Rows Description

UTITRS COEF NGFNGS BFOE natural gas.

GUAP CST (uuu) Utility costs.

G.3.b Other input files
1. mrmparam file

The mrmparam file' isa control file read by mrm.f to map input and output file names and instructions. In
the mrmparam, the user chooses the model that he wants to run; the names for the actproblem, solution,
path file, basis, mpsfile, and packed matrix; the modd title; and the location and name of the starting basis
and optimal basis. The following table lists the information that is to be supplied in the mrmparam file.

Variable name Variable length Variable purpose Restrictions
MODELN 8 Model to be run MRM3, ERM
ACTPROB 8 Act problem

SOLNAME 8 Solution name

PATHNF 7 Name of file where data

files paths are stored.

TITLE 40 Problem title
INBASISN* 40 Location and name of
advanced basis
OUTBASIS 8 Name of optimal basis
BASISN 8 Basis name
MPSOUTN** 8 MPS file name

INote that the default file used for the MRM is named “mrmparam,” while that used for the ERM is named “ermparam.” Before an ERM
execution can be run, the ermparam name must be renamed to mrmparam.
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Variable name Variable length Variable purpose Restrictions
PAKCN** 8 Packed matrix file name

.PCK extension

*. If no name or afile does not exist, the program will operate without an advanced basis.
**:if “NULL” or “null” is provided, the program will skip the part of the program that generates the file.

The above variables have to be provided in the order they are listed in the above Table and should start at
column 18. Appendix G-A provides an example of an mrmparam file. The mrmparam file hasto be in the
subdirectory where the model is executed.

2. mrmpath file:

In thisfile the user provides the program with the location and name of the datafiles. The order in which
the names appear isimportant. See Appendix G-B for an example of a path file. The path file hasto bein
the directory from which the model is executed. Thisfile format isthat of an OML table.

3. Advanced basisfile:

In thisfile the user provided an advanced basis to the model. If the user does not provide one or provides
one whose name does not coincide with the basis name provided in the mrmparam, the program will not
useit.

G.4 Submission of a Run

In order to run the model, one has to first compile and link the different FORTRAN source filesto form an
executable. Once the executable is created, the user submits arun in conjunction with an mrmparam and a
path file. The execution of the program will solve the problem and create:

- An ACTFILE file
- An MPSfile
- A SYSPRINT file (solution)
- Anout basisfile
- A packed matrix file
- Reports (only for MRM5)
The following are the files created by a run:

ERM MRM

ACTFILE ACTFILE.act ACTFILE.act
MPSfile Name provided by user in the Name provided by user in the

mrmparam file mrmparam file

Solution file SYSPRINT SYSPRINT

Out basis Name provided by user in the Name provided by user in the

mrmparam file mrmparam file
Packed matrix Name provided by user in the Name provided by user in the
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ERM MRM
mrmparam file mrmparam file

Report None reportsb, fort. 75

All thefiles used for MRM and ERM matrix generation reside within the NEMS default directories on
EIA’sNEMS NT servers, as defined next. The source files that encompass the program are on
n:/default/source/. The user must create and link the object files to form the mrm executable to be located
in the user’s directory. The Developer's Studio (a debugging package for the PC) is used by the user to
compile, link, execute, debug, and manage files. Instructions on how to use this package, in connection
with the mrm, is defined below.

The mrmparam file and the mrmpath file used for the MRM model are located in the n:/default/scripts/
directory. The ermparam file and the ermpath file used for the ERM model are located in the
n:/default/input/ directory. To run each of the models, their respective param and path files must be copied
to the user's Debug directory. (Also remember that the ermparam file must be renamed to mrmparam in
the user Debug directory prior to model execution.) The path files point to the default datafiles (*.dat) that
are stored in n:/default/input/ directory.

Runs

First, connect to the NEM S-F8 viaaterminal server client, and open akorn shell. Y ou are now operating
within aunix environment. All runs will be made using the Developer's Sudio.

1 Set up and run the default (no changes):
Create a scenario directory in your user directory, then create the following directories within the scenario directory:
Source, Data, Debug

2. Inthe Debug directory, nemsco the default mr mpar am and mrmpath files. (If running ERM, nemsco the er mparam
file and rename to mrmparam.)

3. Inthe Debug directory, copy the following 4 files from the n:/default/oml/DLL directory: OMLDB32.DLL,

OMLLIB32.DLL, OMLLP32.DLL, and OMLWIN32.DLL (or *32.DLL).

In the scenario directory, nemsco mrmmps.dsp (a Developer's Sudio project file).

Double-click the Developer's Sudio icon on your NEM S-F8 terminal server desktop.

-- fromthe FILE, OPEN menu, set file type to *.dsp, and select the mrmmps.dsp file. (This creates two morefilesin the

scenario directory: mrmmps.dsw and mrmmps.opt.)

-- from the PROJECT, SETTINGS menu, click on the Debug tab. Highlight the path defined in the "Executable for

debug session” display, and copy it to the "Working directory" display just below. HOWEVER, go to the "Working

directory" display and delete "\mrmmps.exe" portion of the path. Click OK.

6. Tocompileand link al default mrm code and DLLs, go to the BUILD menu, and select "Rebuild All." A message will
appear in the lower window that the executible has been created.

7. To execute the default, go the the BUILD menu, and select "Execute.” A pop-up window will show the progress of the
mrm run. When finished, the pop-up window will instruct the user to press any key to continue.

8. Theresulting mps file will be called mrm3mps (as defined in the mrmparam) and will be located in the Debug
directory.

g »

2. Make changes to amrm data file and rerun mrm:
1. Inthe Datadirectory, nemsco the datafile you want to change.
2. Edit, change, and resave.
3. Inthe Debug directory, edit the mrmpath file.
-- modify the path of the updated datafile to point to the new location in the Data directory, and resave
-- delete (remove) the following two files that were created from a previous mrm run: ACTFILE.act and SYSPRINT
4. Double-click the Developer's Sudio icon on your NEM S-F8 terminal server desktop.
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-- from the FILE, OPEN menu, set file type to *.dsw, and select the mrmmps.dsw file from your scenario directory
(created in step 1.5 above)

To execute [assuming source code has aready been compiled], go the the BUILD menu, and select "Execute.” A pop-
up window will show the progress of the mrm run. When finished, the pop-up window will instruct the user to press
any key to continue.

The resulting mps file will be called mrm3mps (as defined in the mrmparam) and will be located in the Debug
directory.

REMEMBER: After anew datafileis defaulted, the corresponding data file name in the mrmpath file must be updated
to map the proper default version. Then, the mrmpath file must be defaulted.

3. Make changes to a mrm source code and rerun mrm:

RENES

In the Source directory, nemsco the source code you want to change.
Edit, change, and resave.

In the Debug directory, delete (remove) the following two files that were created from a previous mrm run:
ACTFILE.act and SYSPRINT

Double-click the Developer's Sudio icon on your NEM S-F8 terminal server desktop.

-- from the FILE, OPEN menu, set file type to *.dsw, and select the mrmmps.dsw file from your scenario directory
(created in step 1.5 above)

[Need to do only once.] In the workspace window, double-click on the mrmmpsfileslisting, and then on the Sour ce
Fileslisting.

-- find the source code filename, right-click on the filename, and select Properties from this sub-menu: a pop-up
window entitled "Source File Properties* appears

-- within the pop-up window, modify the path of the source code (in the "Persist as' line) to point to the
new location in the source directory

-- close the pop-up window by clicking on the 'x" in this window

To recompile updated code and link to other code, go to the BUILD menu, and select "Rebuild AllL" A
message will appear in the lower window that the executible has been created.

To execute, go the the BUILD menu, and select "Execute." A pop-up window will show the
progress of the mrm run. When finished, the pop-up window will instruct the user to press any key
to continue.

The resulting mps file will be called mrm3mps (as defined in the mrmparam) and will be located in the Debug
directory.
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Appendix G-A: Example of an mrmparam file.

mrmparam:

MODELN " VRMVB ' 18
ACTPROB ' OMLMRMB ' 18
SOLNAM " MRMBSCL 18
PATHNF ' nr npat h' 17
TI TLE "MRMB MULTI REGQ ON REFI NERY ' 148
I NBASI SN ' i nbasi s3 ' 148
QUTBASI SN ' out basi s3' 19
BASI SN ' MRMB ' 19
MPSQUTN ' nrnBnps ' 19
PACKN " NULL ' 19
ermparam:

MODELN ' ERM ' 18
ACTPROB ' OMLERM ' 18
SOLNAM 'ERVBOL 18
PATHNF 'pathe ' 17
TI TLE "ERM SINGLE REGA ON REFI NERY ' 148
I NBASI SN ' /refine/ pnm.| p_gen/data/erniinbasise ' 148
OUTBASI SN ' out basi se' 19
BASI SN ' ERM ' 19
MPSQUTN  'ernGips ' 19
PACKN ' ERM2. PCK ' 19

The mrmparam file will run the 3-region MRM model and the ermparam file will run the single region
ERM modél; the act problem will be “OMLMRM3" for the MRM modd and “OMLERM “for the ERM
model; the solution name will be “MRM3SOL” for the MRM model and “ERMSOL” for the ERM mode!;
the data files path will be read from the file “mrmpath" for the MRM model and “pathe” for the ERM
model; the title of the MRM model will be “MRM3, MULTIPLE REGIONS REFINERY " and the ERM
model will be “ERM, SINGLE REGION REFINERY ;” the advanced basis will be read from “inbasis3"
for the MRM model and “inbasise” for the ERM model along the path defined; the optimal basis will be
stored in the file “outbasis3" for the MRM modd and “outbasise” for the ERM mode!; both the advanced
and optimal basis will be named “MRM3" for the MRM model and “ERM for the ERM model; the mps
file will be stored in “mrm3mps” for the MRM model and “ermGmps” for the ERM model; and the packed
matrix will not be created (NULL) for the MRM model, but will be stored in “ERM2.PCK” for the ERM
model.

Remember that the “ermparam” file must be renamed to “mrmparam” before an ERM execution can be
run.
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Appendix G-B: Example of a path file

mrmpath:
NAME PATHDATA

DATA Z: PATHNAME
> TEXT(6)
accuni t n:/defaul t/input/accunit.dat.vl.6
avoi ds n:/defaul t/input/avoids.dat.vl. 1
cogener n:/defaul t/input/cogener.dat.vl.7
crdi nprt n:/default/input/crdinprt.dat.vl.4
dermand n:/defaul t/input/demand. dat.vl. 4
di st bl nd n:/defaul t/input/distblnd.dat.vl.3
di stress n:/defaul t/input/distress.dat.vl.2
dontrude n: /def aul t/i nput/dontrude. dat. v1. 2
em sh n:/defaul t/input/em sh.dat.v1l.1
et hanol n: /defaul t/input/ethanol.dat.vl. 4
fixcols n:/defaul t/input/fixcols.dat.vl.3
fuel m x n:/defaul t/input/fuel m x.dat.vl.2
gasobl nd n:/defaul t/input/gasobl nd.dat.vl.7
mai n n:/defaul t/input/main.dat.vl. 4
ngpr od n:/defaul t/input/ngprod.dat.vl.2
nrf pl ant n:/default/input/nrfplant.dat.vl.7
prdinprt n:/defaul t/input/prdinprt.dat.vl.3
reci pes n:/defaul t/input/recipes.dat.vl. 2
ref proc n:/defaul t/input/refproc.dat.vl. 18
setrows n:/default/input/setrows.dat.vl. 4
spl ash n:/defaul t/input/splash.dat.vl. 4
stream n:/default/input/streamdat.vl. 3
transit n:/default/input/transit.dat.vl.6
utility n:/default/input/utility.dat.vl.5
nchproc n:/defaul t/input/nchproc.dat.v1l.5
i npol n:/default/input/linpol.dat.vl. 3
unfinished n:/default/input/unfinish.dat.vl.2
prdexp n:/defaul t/input/prdexp.dat.vl. 2
akaexp n:/defaul t/input/akaexp.dat.vl.1
foreignl
foreign2
fsu
intsetup
epset up
bl dhead
bl dst ub
ENDATA
pathe:
NAME PATHDATA

DATA Z: PATHNAME
> TEXT(6)
accuni t n:/defaul t/input/accunit.dat.vl. 4
avoi ds
cogener n:/defaul t/input/cogenere.dat.vl.1
crdi nprt
er npr od n:/defaul t/input/ernprod.dat.vl.1
di st bl nd n:/defaul t/input/distblnd.dat.vl.2
di stress
er ncrude n:/defaul t/input/erncrude.dat.vl. 1
em sh
et hanol
fixcols
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fuel m x
gasobl nd
mai n
ngpr od
er not her
prdinprt
reci pes
ref proc
setrows
spl ash
stream
transit
utility
nchproc
i npol
unfini shed
prdexp
akaexp
foreignl
foreign2
fsu
intsetup
epset up
bl dhead
bl dst ub
ENDATA

n:

:/defaul t/i
c/defaul t/i
:/defaul t/i
:/defaul t/i
:/defaul t/i
c/defaul t/i
:/defaul t/i
:/defaul t/i

:/defaul t/i

/defaul t/i

nput/fuel m x. dat.vl. 2
nput/ gasobl nd. dat.vl. 4
nput/ mai ne. dat.vl1l.1
nput/ernot her.dat.vl. 1
nput/recipes.dat.vl. 2
nput/refproc.dat.vl. 14
nput/setrows. dat.vl.3
nput/streamdat.vl1. 3
nput/utilitye.dat.vl. 1

nput/linpol . dat.v1l.2
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Appendix G-C:Makefile

(not part of the Developer's Studio Methodology)

FLAGS= -c -g -C -qcharlen=16384 -gmaxmem=-1 -gnoprint \
-gflttrap=zerodivide -qsave

INC= -1/refine/pmm_Ip_gen/includes -1/default/includes

LIBS= -lwhiz -Idb -lutil -L/usr/Ipp/MPS/oml/lib

DIR= /default/objects/

SIR= /default/source/

LIR= /default/objectsy

OMLSPA =/refine/pmm_Ip_gen/includes/omispace \
/refineg/pmm_Ip_gen/includes/ipmmtest

OBJS= $(LIR)mrm.v1.2.0\
$(LIR)extpnt.v1.2.0\
$(LIR)epadjust.vl.2.0\
$(LIR)bldhead.v1.2.0\
$(LIR)bldstub.v1.2.0\
$(LIR)intsetup.v1.2.0\
$(LIR)foreign.vl.2.0\
$(LIR)fsu.vl.2.0\
$(LIR)akaexp.vl.2.0\
$(LIR)prdexp.vi.4.0\
$(LIR)unfinished.v1.2.0\
$(LIR)Iplookup.v1l.2.0\
$(LIR)output.v1.2.0\
$(LIR)ermcrude.vl.2.0\
$(LIR)ermother.v1.2.0\
$(LIR)ermprod.v1.2.0\
$(LIR)tabread.v1.2.0\
$(LIR)limpol.v1.2.0\
$(LIR)mchproc.v1.4.0\
$(LIR)crdimprt.v1.2.0\
$(LIR)accunit.v1.6.0\
$(LIR)refproc.v1.6.0\
$(LIR)nrfplant.v1.5.0\
$(LIR)stream.v1.2.0\
$(LIR)distbind.v1.3.0\
$(LIR)gasobind.v1.4.0\
$(LIR)domcrude.v1.3.0\
$(LIR)demand.v1.3.0\
$(LIR)utility.v1.3.0\
$(LIR)utilityev1.2.0\
$(LIR)cogener.vl.4.0\
$(LIR)fuelmix.v1.2.0\
$(LIR)recipes.vl.2.0\
$(LIR)ethanol.v1.9.0\
$(LIR)ngprod.vl.2.0\
$(LIR)setrows.v1.2.0\
$(LIR)fixcolsvl.2.0\
$(LIR)transit3.v1.4.0\
$(LIR)transit5.v1.2.0\
$(LIR)prdimprt.v1.2.0\
$(LIR)splash.v1.3.0\
$(LIR)distress.v1.2.0\
$(LIR)avoids.v1.2.0\
$(DIR)omlanal.v1.6.0\
$(LIR)emish.v1.2.0\
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mrm: $(OBJS)

xIf -0 mrm -g -C $(OBJS) $(L1BS) -bloadmap:loadmap
$(LIR)Mmrm.v1.3.0: $(SIR)mrm.f OMLSPA)

xIf $(FLAGS) -0 $(LIR)mrm.v1.3.0 $(INC) $(SIR)mrm.f
$(LIR)extpnt.v1.2.0: $(SIR)extpnt.f

xIf $(FLAGS) -0 $(LIR)extpnt.v1.2.0 $(INC) $(SIR)extpnt.f
$(LIR)epadjust.v1.2.0: $(SIR)epadijust.f

XIf $(FLAGS) -0 $(LIR)epadjust.v1.2.0 $(INC) $(SIR)epadjust.f
$(LIR)bldhead.v1.2.0: $(SIR)bldhead.f

xIf $(FLAGS) -0 $(LIR)bldhead.v1.2.0 $(INC) $(SIR)bldhead.f
$(LIR)bldstub.v1.2.0: $(SIR)bldstub.f

xIf $(FLAGS) -0 $(LIR)bldstub.v1.2.0 $(INC) $(SIR)bldstub.f
$(LIR)intsetup.v1.2.0: $(SIR)intsetup.f

xIf $(FLAGS) -0 $(LIR)intsetup.v1.2.0 $(INC) $(SIR)intsetup.f
$(LIR)foreign.v1.2.0: $(SIR)foreign.f

xIf $(FLAGS) -0 $(LIR)foreign.v1.2.0 $(INC) $(SIR)foreign.f
$(LIR)fsu.v1.2.0: $(SIR)fsu.f

XIf $(FLAGS) -0 $(LIR)fsu.v1.2.0 $(INC) $(SIR)fsu.f
$(LIR)akaexp.v1.2.0: $(SIR)akaexp.f

xIf $(FLAGS) -0 $(LIR)akaexp.v1.2.0 $(INC) $(SIR)akaexp.f
$(LIR)prdexp.v1.4.0: $(SIR)prdexp.f

xIf $(FLAGS) -0 $(LIR)prdexp.v1.4.0 $(INC) $(SIR)prdexp.f
$(LIR)unfinished.v1.2.0: $(SIR)unfinished.f

xIf $(FLAGS) -0 $(LIR)unfinished.v1.2.0 $(INC) $(SIR)unfinished.f
$(LIR)Iplookup.v1.2.0: $(SIR)Iplookup.f

xIf $(FLAGS) -0 $(LIR)Iplookup.v1.2.0 $(INC) $(SIR)Iplookup.f
$(LIR)output.v1.2.0: $(SIR)output.f

xIf $(FLAGS) -0 $(LIR)output.v1.2.0 $(INC) $(SIR)output.f
$(LIR)limpol.v1.2.0: $(SIR)limpol.f

xIf $(FLAGS) -0 $(LIR)limpol.v1.2.0 $(INC) $(SIR)limpol.f
$(LIR)tabread.v1.2.0: $(SIR)tabread.f

XIf $(FLAGS) -0 $(LIR)tabread.v1.2.0 $(INC) $(SIR)tabread.f
$(LIR)mchproc.v1.4.0: $(SIR)mchproc.f

xIf $(FLAGS) -0 $(LIR)mchproc.v1.4.0 $(INC) $(SIR)mchproc.f
$(LIR)ermcrude.v1.2.0: $(SIR)ermcrude.f

xIf $(FLAGS) -0 $(LIR)ermcrude.v1.2.0 $(INC) $(SIR)ermcrude.f
$(LIR)ermother.v1.2.0: $(SIR)ermother.f

xIf $(FLAGS) -0 $(LIR)ermother.v1.2.0 $(INC) $(SIR)ermother.f
$(LIR)ermprod.v1.2.0: $(SIR)ermprod.f

xIf $(FLAGS) -0 $(LIR)ermprod.v1.2.0 $(INC) $(SIR)ermprod.f
$(LIR)crdimprt.v1.2.0: $(SIR)crdimprt.f

xIf $(FLAGS) -0 $(LIR)crdimprt.v1.2.0 $(INC) $(SIR)crdimprt.f
$(LIR)accunit.v1.6.0: $(SIR)accunit.f

xIf $(FLAGS) -0 $(LIR)accunit.v1.6.0 $(INC) $(SIR)accunit.f
$(LIR)refproc.v1.6.0: $(SIR)refproc.f

xIf $(FLAGS) -0 $(LIR)refproc.v1.6.0 $(INC) $(SIR)refproc.f
$(LIR)nrfplant.v1.5.0: $(SIR)nrfplant.f

xIf $(FLAGS) -0 $(LIR)nrfplant.v1.5.0 $(INC) $(SIR)nrfplant.f
$(LIR)stream.v1.2.0: $(SIR)stream.f

XIf $(FLAGS) -0 $(LIR)stream.v1.2.0 $(INC) $(SIR)stream.f
$(LIR)distbind.v1.3.0: $(SIR)distblnd.f

xIf $(FLAGS) -0 $(LIR)distbind.v1.3.0 $(INC) $(SIR)distbInd.f
$(LIR)gasoblnd.v1.4.0: $(SIR)gasoblnd.f

xIf $(FLAGS) -0 $(LIR)gasoblnd.v1.4.0 $(INC) $(SIR)gasoblind.f
$(LIR)domcrude.v1.3.0: $(SIR)domcrude.f

xIf $(FLAGS) -0 $(LIR)domcrude.v1.3.0 $(INC) $(SIR)domcrude.f
$(LIR)demand.v1.3.0: $(SIR)demand.f

xIf $(FLAGS) -0 $(LIR)demand.v1.3.0 $(INC) $(SIR)demand.f
$(LIR)utility.v1.3.0: $(SIR)utility.f

XIf $(FLAGS) -0 $(LIR)utility.v1.3.0 $(INC) $(SIR)utility.f
$(LIR)utilityev1.2.0: $(SIR)utilitye.f

xIf $(FLAGS) -0 $(LIR)utilitye.v1.2.0 $(INC) $(SIR)utilitye.f
$(LIR)cogener.v1.4.0: $(SIR)cogener.f
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xIf $(FLAGS) -0 $(LIR)cogener.v1.4.0 $(INC) $(SIR)cogener.f
$(LIR)fuelmix.v1.2.0: $(SIR)fuelmix.f

xIf $(FLAGS) -0 $(LIR)fuelmix.v1.2.0 $(INC) $(SIR)fuelmix.f
$(LIR)recipes.v1.2.0: $(SIR)recipes.f

xIf $(FLAGS) -0 $(LIR)recipes.v1.2.0 $(INC) $(SIR)recipes.f
$(LIR)ethanol.v1.9.0: $(SIR)ethanol .f

xIf $(FLAGS) -0 $(LIR)ethanol.v1.9.0 $(INC) $(SIR)ethanol.f
$(LIR)ngprod.v1.2.0: $(SIR)ngprod.f

xIf $(FLAGS) -0 $(LIR)ngprod.v1.2.0 $(INC) $(SIR)ngprod.f
$(LIR)setrows.v1.2.0: $(SIR)setrows.f

xIf $(FLAGS) -0 $(LIR)setrows.v1.2.0 $(INC) $(SIR)setrows.f
$(LIR)fixcols.v1.2.0: $(SIR)fixcols.f

xIf $(FLAGS) -0 $(LIR)fixcols.v1.2.0 $(INC) $(SIR)fixcols.f
$(LIR)transit3.v1.4.0: $(SIR)transit3.f

XIf $(FLAGS) -0 $(LIR)transit3.v1.4.0 $(INC) $(SIR)transit3.f
$(LIR)transit5.v1.2.0: $(SIR)transit5.f

XIf $(FLAGS) -0 $(LIR)transit5.v1.2.0 $(INC) $(SIR)transit5.f
$(LIR)prdimprt.v1.2.0: $(SIR)prdimprt.f

xIf $(FLAGS) -0 $(LIR)prdimprt.v1.2.0 $(INC) $(SIR)prdimprt.f
$(LIR)splash.v1.3.0: $(SIR)splash.f

XIf $(FLAGS) -0 $(LIR)splash.v1.3.0 $(INC) $(SIR)splash.f
$(LIR)distress.v1.2.0: $(SIR)distress.f

xIf $(FLAGS) -0 $(LIR)distress.v1.2.0 $(INC) $(SIR)distress.f
$(LIR)avoids.v1.2.0: $(SIR)avoids.f

xIf $(FLAGS) -0 $(LIR)avoids.v1.2.0 $(INC) $(SIR)avoids.f
$(LIR)emish.v1.2.0 : $(SIR)emish.f

XIf $(FLAGS) -0 $(LIR)emish.v1.2.0 $(INC) $(SIR)emish.f
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Appendix G-D: Common Blocks

File: ipmmtest
! $Header: N:/default/includes’/RCS/ipmmtest,v 1.3 1999/12/21 14:13:29 DSA Exp $
COMMON /IPMMREAL/MAX, MIN, VALUE, INFINITY, &
WOP, &
REALURYR, YRDOLLAR, ENV, LOC, OVCOST
REAL*8 MAX (1000)
REAL*8 MIN(1000)
REAL*8 VALUE(1000)
REAL*8 INFINITY
REAL*8 WOP(26)
REAL*8 REALURYR
REAL*8 YRDOLLAR
REAL*8 ENV/(5)
REAL*8 LOC(5)
REAL*8 OVCOST(5)

COMMON /IPMMINT/COUNT,

DUMMY, &

I, IRET, IROWS, J, JCOLS, K, KROWS, NUMREG,EXPREGSS, &

USERYEAR, DMDREG, NUMYRS, DBPROBG, COMTAB1, COMTAB2

INTEGER*4  COUNT
INTEGER*4  DUMMY
INTEGER*4 |

INTEGER*4  IRET
INTEGER*4  IROWS
INTEGER*4  J

INTEGER*4  JCOLS
INTEGER*4 K

INTEGER*4  KROWS
INTEGER*4  NUMREG
INTEGER*4  EXPREGSS
INTEGER*4  USERYEAR
INTEGER*4  DMDREG
INTEGER*4  NUMYRS
INTEGER*4  DBPROBG(22)
INTEGER*4  COMTABI1(13)
INTEGER*4  COMTAB2(13)

COMMON /IPMMCHAR/HEAD, STUB, PROCESS, BND, CNAME,
DECKNAME, LRNAME, OBJ, RHS, RNAME, RCHARS5, REGION,
EXPREG, DEMNDREG, DEMNDPAD, PATH, FRCRD, EXPRD

CHARACTER*8
CHARACTER*8
CHARACTER*8
CHARACTER*8
CHARACTER*8
CHARACTER*8
CHARACTER*8
CHARACTER*8
CHARACTER*8
CHARACTER*8
CHARACTER*5
CHARACTER*1
CHARACTER*2
CHARACTER*1
CHARACTER*1
CHARACTER*48
CHARACTER*8
CHARACTER*8

HEAD(1000)
STUB(1000)
PROCESS(1000)
BND

CNAME
DECKNAME
LRNAME

OBJ

RHS

RNAME
RCHAR5
REGION(5)
EXPREG(5)
DEMNDREG(9)
DEMNDPAD(9)
PATH(40)
FRCRD(5)
EXPRD(11)
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File: Ipout
Common block used for report writing

C LPOUT COMMON BLOCK FOR USE IN OML MATRIX SOLUTION
|

REAL PRDPRC(9,18)

REAL BASECAP(5,27)

REAL BASEUTL(5,27)

REAL INVCAP(5,27)

REAL INVUTL(5,27)

REAL TOTCAP(5,27)

REAL TOTUTL(5,27)

REAL TOTSUP(6)

REAL PUTL(5,27)

REAL RFCRDCR(6)

REAL RFCRDAKA (6)

REAL RFCRDL48(6)

REAL RFQICRD(6)

REAL RFIMCR(6)

REAL RFQISPR(6)

REAL RFIMTP(6)

REAL RFQEXCRD(6)

REAL RFPQNGL (6)

REAL RFQNGLRF(6)

REAL NGLRF(6)

REAL NGLMK(6)

REAL RFQPRCG(6)

REAL RFPQIPRDT(6)

REAL RFPQUFC(6)

REAL RFQEXPRDT(6)

REAL RFQPRDDM(11)

REAL QCDUPD(6)

REAL RFQDINPOT(6)

REAL RFETHD(6)

REAL RFMTBI(6)

REAL RFMETI(6)

REAL RFMETD(6)

REAL RFMETCHM(6)

REAL RFMETMB85(6)

REAL RFMETETH(6)

REAL RFETHES5(6)

REAL RFETHETB(6)

REAL RFETHMGS(6)

REAL RFCRDOTH(6)

REAL OTHOXY (6)

REAL QPRDIMD(11,23)

REAL QPRDEXD(6,23)
COMMON/LPTAB/PRDPRC,BASECAP,BASEUTL,INVCAP,INVUTL, TOTCAP, &
TOTUTL,PUTL,RFCRDDCR,RFCIAKA RFCrtL48,RFQICRD,RFIMCR, &
RFQEX CRD,RFPQNGL,RFQNGL RF,NGLRF,NGLMK,RFQPRCG,RFPQIPRDT, &
RFPQUFC,RFQEXPRDT,RFQPRDDM,QCDUPD,RFQDINPOT,RFETHD,RFMTBI, &
RFMETI,RFMETD,RFMETCHM, RFMETM85,RFMETETH,RFETHES5, TOTSUP, &
RFQISPR RFIMTP,RFETHETB,RFETHMGS,0THOX Y ,QPRDIMD,QPRDEXD, &

RFCRDOTH
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File: DFINC2

Common block used for OML database functions

! $Header: N:/default/includesyRCS/dfinc2,v 1.5 2000/05/18 15:12:11 DSA Exp $
INTERFACE
INTEGER*4 FUNCTION DFINIT (TITLE, TBUF,LEN)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFINIT
IDEC$ATTRIBUTES REFERENCE :: TITLE,TBUF,LEN
CHARACTER*8 TITLE
CHARACTER*1 TBUF(2)
INTEGER*4 LEN
END FUNCTION

INTEGER*4 FUNCTION SetConsolePrintMode(IVAL)

IDEC$SATTRIBUTES STDCALL, ALIAS:*_SetConsolePrintMode@4' :: SetConsolePrintMode
IDEC$ATTRIBUTESVALUE :: IVAL

INTEGER*4 IVAL

END FUNCTION

INTEGER*4 FUNCTION DFOPEN (DBFILE,ACTFILE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFOPEN
IDEC$ATTRIBUTES REFERENCE :: DBFILE,ACTFILE
INTEGER*4 DBFILE(2)

CHARACTER*8 ACTFILE

END FUNCTION

INTEGER*4 FUNCTION DFCLOSE (DBFILE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFCLOSE
IDEC$ATTRIBUTES REFERENCE :: DBFILE

INTEGER*4 DBFILE(2)

END FUNCTION

INTEGER*4 FUNCTION DFDEL (DBFILE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFDEL
IDEC$ATTRIBUTES REFERENCE :: DBFILE
INTEGER*4 DBFILE(2)

END FUNCTION

INTEGER*4 FUNCTION DFLIST (DBFILE,MASK,PNAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFLIST
IDEC$ATTRIBUTES REFERENCE :: DBFILE,MASK,PNAME
INTEGER*4 DBFILE(2)

CHARACTER*8 MASK

CHARACTER*8 PNAME

END FUNCTION

INTEGER*4 FUNCTION DFPINIT (DB,DBFILE, ACTPROB)
IDEC$SATTRIBUTES STDCALL,REFERENCE :: DFPINIT
IDEC$SATTRIBUTES REFERENCE :: DB,DBFILE,ACTPROB
INTEGER*4 DB(2)

INTEGER*4 DBFILE(2)

CHARACTER*8 ACTPROB

END FUNCTION

INTEGER*4 FUNCTION DFPDEL (DB)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFPDEL
IDEC$SATTRIBUTES REFERENCE :: DB

INTEGER*4 DB(2)

END FUNCTION

INTEGER*4 FUNCTION DFPCPY (TO,FROM)
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IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFPCPY
IDEC$ATTRIBUTES REFERENCE :: TO,FROM
INTEGER*4 TO

INTEGER*4 FROM

END FUNCTION

INTEGER*4 FUNCTION DFPLIST (DB,MASK, TNAME,TY PE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFPLIST
IDEC$ATTRIBUTES REFERENCE :: DB,MASK,TNAME,TY PE
INTEGER*4 DB(2)

CHARACTER*8 MASK

CHARACTER*8 TNAME

INTEGER*4 TYPE

END FUNCTION

INTEGER*4 FUNCTION DFPTDEL (DB)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFPTDEL
IDEC$ATTRIBUTES REFERENCE :: DB

INTEGER*4 DB(2)

END FUNCTION

INTEGER*4 FUNCTION DFPTCPY (TO,FROM)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFPTCPY
IDEC$ATTRIBUTES REFERENCE :: TO,FROM
INTEGER*4 TO

INTEGER*4 FROM

END FUNCTION

INTEGER*4 FUNCTION DFPMDEL (DB)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFPMDEL
IDEC$ATTRIBUTES REFERENCE :: DB

INTEGER*4 DB(2)

END FUNCTION

INTEGER*4 FUNCTION DFPMCPY (TO,FROM)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFPMCPY
IDEC$ATTRIBUTES REFERENCE :: TO,FROM
INTEGER*4 TO

INTEGER*4 FROM

END FUNCTION

INTEGER*4 FUNCTION DFPSDEL (DB)
IDEC$SATTRIBUTES STDCALL,REFERENCE :: DFPSDEL
IDEC$ATTRIBUTES REFERENCE :: DB

INTEGER*4 DB(2)

END FUNCTION

INTEGER*4 FUNCTION DFPSCPY (TO,FROM)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFPSCPY
IDEC$ATTRIBUTES REFERENCE :: TO,FROM
INTEGER*4 TO

INTEGER*4 FROM

END FUNCTION

INTEGER*4 FUNCTION DFPRTBI (DB,FILENAME,DECKNAME,PRNTSW, TABLIST)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFPRTBI

IDEC$ATTRIBUTES REFERENCE :: DB,FILENAME,DECKNAME,PRNTSW, TABLIST
INTEGER*4 DB(2)

CHARACTER*8 FILENAME

CHARACTER*8 DECKNAME

INTEGER*4 PRNTSW

CHARACTER*8 TABLIST

END FUNCTION

Energy Information Administration
NEM S Petroleum M arket M odel Documentation

Page G - 54



INTEGER*4 FUNCTION DFTINIT (TABLE,DB,TABNAME,TY PE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTINIT
IDEC$ATTRIBUTES REFERENCE :: TABLE,DB,TABNAME,TYPE
INTEGER*4 TABLE(2)

INTEGER*4 DB(2)

CHARACTER*8 TABNAME

INTEGER*4 TYPE

END FUNCTION

INTEGER*4 FUNCTION DFTNEW (TABLE,DB, TABNAME,TY PE)
IDECSATTRIBUTES STDCALL,REFERENCE :: DFTNEW
IDEC$ATTRIBUTES REFERENCE :: TABLE,DB, TABNAME,TY PE
INTEGER*4 TABLE(2)

INTEGER*4 DB(2)

CHARACTER*8 TABNAME

INTEGER*4 TY PE

END FUNCTION

INTEGER*4 FUNCTION DFTDIM (TABLE,NROWSNCOLS)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTDIM
IDEC$ATTRIBUTES REFERENCE :: TABLE,NROWSNCOLS
INTEGER*4 TABLE(2)

INTEGER*4 NROWS

INTEGER*4 NCOLS

END FUNCTION

INTEGER*4 FUNCTION DFTDEL (TABLE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTDEL
IDEC$ATTRIBUTES REFERENCE :: TABLE
INTEGER*4 TABLE(2)

END FUNCTION

INTEGER*4 FUNCTION DFTCPY (TO,FROM)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTCPY
IDEC$ATTRIBUTES REFERENCE :: TO,FROM
INTEGER*4 TO

INTEGER*4 FROM

END FUNCTION

INTEGER*4 FUNCTION DFTSNDX (TABLE,STUB)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTSNDX
IDEC$ATTRIBUTES REFERENCE :: TABLE,STUB
INTEGER*4 TABLE(2)

CHARACTER*8 STUB

END FUNCTION

INTEGER*4 FUNCTION DFTHNDX (TABLE,HEAD)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTHNDX
IDEC$ATTRIBUTES REFERENCE :: TABLE,HEAD
INTEGER*4 TABLE(2)

CHARACTER*8 HEAD

END FUNCTION

INTEGER*4 FUNCTION DFTSMSK (TABLE,START,MASK)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTSMSK
IDEC$ATTRIBUTES REFERENCE :: TABLE,START,MASK
INTEGER*4 TABLE(2)

INTEGER*4 START

CHARACTER*8 MASK

END FUNCTION

INTEGER*4 FUNCTION DFTHMSK (TABLE,START,MASK)
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IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTHMSK
IDEC$ATTRIBUTES REFERENCE :: TABLE,START,MASK
INTEGER*4 TABLE(2)

INTEGER*4 START

CHARACTER*8 MASK

END FUNCTION

INTEGER*4 FUNCTION DFTNDX (TABLE,RNAME,CNAME,VALUE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTNDX
IDEC$ATTRIBUTES REFERENCE :: TABLE,RNAME,CNAME,VALUE
INTEGER*4 TABLE(2)

INTEGER*4 RNAME

INTEGER*4 CNAME

INTEGER*4 VALUE(1)

END FUNCTION

INTEGER*4 FUNCTION DFTGETVC (TABLE,RNAME,CNAME,VALUE,COUNT)
IDECSATTRIBUTES STDCALL,REFERENCE,ALIAS: '_dftget@20' :: DFTGETVC
IDEC$ATTRIBUTES REFERENCE :: TABLE,RNAME,CNAME,VALUE,COUNT
INTEGER*4 TABLE(2)

INTEGER*4 RNAME

CHARACTER*8 CNAME(1)

REAL*8 VALUE(1)

INTEGER*4 COUNT

END FUNCTION

INTEGER*4 FUNCTION DFTGETV (TABLE,RNAME,CNAME,VALUE,COUNT)
IDECSATTRIBUTES STDCALL,REFERENCE,ALIAS: '_dftget@20' :: DFTGETV
IDEC$ATTRIBUTES REFERENCE :: TABLE,RNAME,CNAME,VALUE,COUNT
INTEGER*4 TABLE(2)

INTEGER*4 RNAME

INTEGER*4 CNAME

REAL*8 VALUE(1)

INTEGER*4 COUNT

END FUNCTION

INTEGER*4 FUNCTION DFTGETN (TABLE,RNAME,CNAME,VALUE,COUNT)
IDEC$ATTRIBUTES STDCALL,REFERENCE,ALIAS: '_dftget@20' :: DFTGETN
IDEC$ATTRIBUTES REFERENCE :: TABLE,RNAME,CNAME,VALUE,COUNT
INTEGER*4 TABLE(2)

INTEGER*4 RNAME

INTEGER*4 CNAME

CHARACTER*8 VALUE(1)

INTEGER*4 COUNT

END FUNCTION

INTEGER*4 FUNCTION DFTPUT (TABLE,RNAME,CNAME,VALUE,COUNT)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTPUT

IDEC$ATTRIBUTES REFERENCE :: TABLE,RNAME,CNAME,VALUE,COUNT
INTEGER*4 TABLE(2)

INTEGER*4 RNAME

INTEGER*4 CNAME

INTEGER*4 VALUE

INTEGER*4 COUNT

END FUNCTION

INTEGER*4 FUNCTION DFTSADD (TABLE,INDEX,STUB)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTSADD
IDEC$ATTRIBUTES REFERENCE :: TABLE,INDEX,STUB
INTEGER*4 TABLE(2)

INTEGER*4 INDEX

CHARACTER*8 STUB

END FUNCTION
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INTEGER*4 FUNCTION DFTHADD (TABLE,INDEX,HEAD)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTHADD
IDEC$ATTRIBUTES REFERENCE :: TABLE,INDEX,HEAD
INTEGER*4 TABLE(2)

INTEGER*4 INDEX

CHARACTER*8 HEAD

END FUNCTION

INTEGER*4 FUNCTION DFTSDEL (TABLE,STUB)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTSDEL
IDEC$ATTRIBUTES REFERENCE :: TABLE,STUB
INTEGER*4 TABLE(2)

INTEGER*4 STUB

END FUNCTION

INTEGER*4 FUNCTION DFTHDEL (TABLE,HEAD)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTHDEL
IDEC$ATTRIBUTES REFERENCE :: TABLE,HEAD
INTEGER*4 TABLE(2)

INTEGER*4 HEAD

END FUNCTION

INTEGER*4 FUNCTION DFTDISP (TABLE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFTDISP
IDEC$ATTRIBUTES REFERENCE :: TABLE

INTEGER*4 TABLE(2)

END FUNCTION

INTEGER*4 FUNCTION DFMINIT (DB,MODE)
IDEC$SATTRIBUTES STDCALL,REFERENCE :: DFMINIT
IDEC$ATTRIBUTES REFERENCE :: DB,MODE
INTEGER*4 DB(2)

INTEGER*4 MODE

END FUNCTION

INTEGER*4 FUNCTION DFMEND ()
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMEND
END FUNCTION

INTEGER*4 FUNCTION DFMSTAT (STAT)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMSTAT
IDEC$ATTRIBUTES REFERENCE :: STAT

INTEGER*4 STAT(9)

END FUNCTION

INTEGER*4 FUNCTION DFMCRTP (RNAME, TY PE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMCRTP
IDEC$ATTRIBUTES REFERENCE :: RNAME,TYPE
CHARACTER*8 RNAME

CHARACTER*8 TYPE

END FUNCTION

INTEGER*4 FUNCTION DFMCRSC (RNAME,SCALE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMCRSC
IDEC$ATTRIBUTES REFERENCE :: RNAME,SCALE
CHARACTER*8 RNAME

REAL*8 SCALE

END FUNCTION

INTEGER*4 FUNCTION DFMCCSC (CNAME,SCALE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMCCSC
IDEC$ATTRIBUTES REFERENCE :: CNAME,SCALE
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CHARACTER*8 CNAME
REAL*8 SCALE
END FUNCTION

INTEGER*4 FUNCTION DFMCVAL (CNAME,RNAME,VALUE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMCVAL
IDEC$ATTRIBUTES REFERENCE :: CNAME,RNAME,VALUE
CHARACTER*8 CNAME

CHARACTER*8 RNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION DFMMVAL (CNAME,RNAME,VALUE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMMVAL
IDEC$ATTRIBUTES REFERENCE :: CNAME,RNAME,VALUE
CHARACTER*8 CNAME

CHARACTER*8 RNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION DFMCCLR (CNAME,FLAG)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMCCLR
IDEC$ATTRIBUTES REFERENCE :: CNAME,FLAG
CHARACTER*8 CNAME

INTEGER*4 FLAG

END FUNCTION

INTEGER*4 FUNCTION DFMCRHS (CNAME,RNAME,VALUE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMCRHS
IDEC$ATTRIBUTES REFERENCE :: CNAME,RNAME,VALUE
CHARACTER*8 CNAME

CHARACTER*8 RNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION DFMCRNG (RNGNAME,RNAME,VALUE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMCRNG
IDEC$ATTRIBUTES REFERENCE :: RNGNAME,RNAME,VALUE
CHARACTER*8 RNGNAME

CHARACTER*8 RNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION DFMCBND (BNDNAME,CNAME,LVALUE,UVALUE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMCBND
IDEC$ATTRIBUTES REFERENCE :: BNDNAME,CNAME,LVALUE,UVALUE
CHARACTER*8 BNDNAME

CHARACTER*8 CNAME

REAL*8 LVALUE

REAL*8 UVALUE

END FUNCTION

INTEGER*4 FUNCTION DFMRRTP (RNAME, TY PE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMRRTP
IDEC$ATTRIBUTES REFERENCE :: RNAME,TYPE
CHARACTER*8 RNAME

CHARACTER*8 TYPE

END FUNCTION

INTEGER*4 FUNCTION DFMRRSC (RNAME,SCALE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMRRSC
IDEC$ATTRIBUTES REFERENCE :: RNAME,SCALE
CHARACTER*8 RNAME
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REAL*8 SCALE
END FUNCTION

INTEGER*4 FUNCTION DFMRCSC (CNAME,SCALE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMRCSC
IDEC$ATTRIBUTES REFERENCE :: CNAME,SCALE
CHARACTER*8 CNAME

REAL*8 SCALE

END FUNCTION

INTEGER*4 FUNCTION DFMRVAL (CNAME,RNAME,VALUE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMRVAL
IDEC$ATTRIBUTES REFERENCE :: CNAME,RNAME,VALUE
CHARACTER*8 CNAME

CHARACTER*8 RNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION DFMRRHS (CNAME,RNAME,VALUE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMRRHS
IDEC$ATTRIBUTES REFERENCE :: CNAME,RNAME,VALUE
CHARACTER*8 CNAME

CHARACTER*8 RNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION DFMRRNG (RNGNAME,RNAME,VALUE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMRRNG
IDEC$ATTRIBUTES REFERENCE :: RNGNAME,RNAME,VALUE
CHARACTER*8 RNGNAME

CHARACTER*8 RNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION DFMRBND (BNDNAME,CNAME,LVALUE,UVALUE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMRBND
IDEC$ATTRIBUTES REFERENCE :: BNDNAME,CNAME,LVALUE,UVALUE
CHARACTER*8 BNDNAME

CHARACTER*8 CNAME

REAL*8 LVALUE

REAL*8 UVALUE

END FUNCTION

INTEGER*4 FUNCTION DFMIROW (NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMIROW
IDEC$ATTRIBUTES REFERENCE :: NAME
CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMICOL (NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMICOL
IDEC$ATTRIBUTES REFERENCE :: NAME
CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMIRHS (NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMIRHS
IDEC$ATTRIBUTES REFERENCE :: NAME
CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMIRNG (NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMIRNG
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IDEC$ATTRIBUTES REFERENCE :: NAME
CHARACTER*8 NAME
END FUNCTION

INTEGER*4 FUNCTION DFMIBND (NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMIBND
IDEC$ATTRIBUTES REFERENCE :: NAME
CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMNROW (INDEX,NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMNROW
IDEC$ATTRIBUTES REFERENCE :: INDEX,NAME
INTEGER*4 INDEX

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMNCOL (INDEX,NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMNCOL
IDEC$ATTRIBUTES REFERENCE :: INDEX,NAME
INTEGER*4 INDEX

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMNRHS (INDEX,NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMNRHS
IDEC$ATTRIBUTES REFERENCE :: INDEX,NAME
INTEGER*4 INDEX

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMNRNG (INDEX,NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMNRNG
IDEC$ATTRIBUTES REFERENCE :: INDEX,NAME
INTEGER*4 INDEX

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMNBND (INDEX,NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMNBND
IDEC$ATTRIBUTES REFERENCE :: INDEX,NAME
INTEGER*4 INDEX

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMLROW (MASK,NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMLROW
IDEC$ATTRIBUTES REFERENCE :: MASK,NAME
CHARACTER*8 MASK

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMLCOL (MASK,NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMLCOL
IDEC$ATTRIBUTES REFERENCE :: MASK,NAME
CHARACTER*8 MASK

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMLRHS (MASK,NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMLRHS
IDEC$ATTRIBUTES REFERENCE :: MASK,NAME
CHARACTER*8 MASK
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CHARACTER*8 NAME
END FUNCTION

INTEGER*4 FUNCTION DFMLRNG (MASK,NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMLRNG
IDEC$ATTRIBUTES REFERENCE :: MASK,NAME
CHARACTER*8 MASK

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMLBND (MASK,NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMLBND
IDEC$ATTRIBUTES REFERENCE :: MASK,NAME
CHARACTER*8 MASK

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION DFMLVAL (CNAME,START,INDEX,VALUE,COUNT)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMLVAL
IDEC$ATTRIBUTES REFERENCE :: CNAME,START,INDEX VALUE,COUNT
CHARACTER*8 CNAME

INTEGER*4 START

INTEGER*4 INDEX (*)

REAL*8 VALUE(*)

INTEGER*4 COUNT

END FUNCTION

INTEGER*4 FUNCTION DFMTAB (TABLE)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFMTAB
IDEC$ATTRIBUTES REFERENCE :: TABLE

INTEGER*4 TABLE

END FUNCTION

INTEGER*4 FUNCTION DFSINIT (DB,CNAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFSINIT
IDEC$SATTRIBUTES REFERENCE :: DB,CNAME
INTEGER*4 DB(2)

CHARACTER*8 CNAME

END FUNCTION

INTEGER*4 FUNCTION DFSROW (NAME,SELECT,STAT,VALUE)
IDEC$SATTRIBUTES STDCALL,REFERENCE :: DFSROW
IDEC$ATTRIBUTES REFERENCE :: NAME,SELECT,STAT,VALUE
CHARACTER*8 NAME

CHARACTER*8 SELECT

character*2 stat

REAL*8 VALUE(5)

END FUNCTION

INTEGER*4 FUNCTION DFSCOL (NAME,SELECT,STAT,VALUE)
IDEC$SATTRIBUTES STDCALL,REFERENCE :: DFSCOL
IDEC$SATTRIBUTES REFERENCE :: NAME,SELECT,STAT,VALUE
CHARACTER*8 NAME

CHARACTER*8 SELECT

character*2 STAT

REAL*8 VALUE(5)

END FUNCTION

INTEGER*4 FUNCTION DFSEND ()
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFSEND
END FUNCTION

SUBROUTINE DFNCPY (TO,FROM)
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IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFNCPY
IDEC$ATTRIBUTES REFERENCE :: TO,FROM
INTEGER*4 TO

INTEGER*4 FROM

END SUBROUTINE

SUBROUTINE DFNCAT (NAME1,NAME2)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFNCAT
IDEC$ATTRIBUTES REFERENCE :: NAMELNAME2
CHARACTER*8 NAMEL1

CHARACTER*8 NAME2

END SUBROUTINE

SUBROUTINE DFNFILL (NAME1,NAME2)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFNFILL
IDEC$ATTRIBUTES REFERENCE :: NAMELNAME2
CHARACTER*8 NAMEL1L

CHARACTER*8 NAME2

END SUBROUTINE

SUBROUTINE DFNINCR (NAME)

IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFNINCR
IDEC$ATTRIBUTES REFERENCE :: NAME
CHARACTER*8 NAME

END SUBROUTINE

SUBROUTINE DFNMASK (NAME1,NAME2)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFNMASK
IDEC$ATTRIBUTES REFERENCE :: NAMELNAME2
CHARACTER*8 NAMEL1

CHARACTER*8 NAME2

END SUBROUTINE

SUBROUTINE DFNSQOZ (NAME)

IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFNSQOZ
IDEC$ATTRIBUTES REFERENCE :: NAME
CHARACTER*8 NAME

END SUBROUTINE

SUBROUTINE DFNSHFT (NAME,N)

IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFNSHFT
IDEC$ATTRIBUTES REFERENCE :: NAME,N
CHARACTER*8 NAME

INTEGER*4 N

END SUBROUTINE

INTEGER*4 FUNCTION DFNCMP (NAME1,NAME2)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFNCMP
IDEC$ATTRIBUTES REFERENCE :: NAMELNAME2
CHARACTER*8 NAMEL1

CHARACTER*8 NAME2

END FUNCTION

INTEGER*4 FUNCTION DFNMCMP (MASK,NAME)
IDEC$ATTRIBUTES STDCALL,REFERENCE :: DFNMCMP
IDEC$ATTRIBUTES REFERENCE :: MASK,NAME
CHARACTER*8 MASK

CHARACTER*8 NAME

END FUNCTION

END INTERFACE

Energy Information Administration
NEM S Petroleum M arket M odel Documentation

Page G - 62



Filee WFINC2

Common block used for the WHIZ optimizer

! $Header: N:/default/includesyRCSwfinc2,v 1.3 2001/10/09 17:35:35 PKC Exp $
TYPECR
SEQUENCE

CHARACTER*8 XNAME
INTEGER XCORE
INTEGER XCORELEN

CHARACTER*8 XACTCASE
CHARACTER*8 XACTFILE
CHARACTER*8 XACTPROB
CHARACTER*8 XBOUND
CHARACTER*8 XCHOBJ
CHARACTER*8 XCHRHS
CHARACTER*8 XCMASK
CHARACTER*8 XDATA
CHARACTER*8 XINSERT
CHARACTER*8 XLOADB
CHARACTER*8 XMINMAX
CHARACTER*8 XOBJ
CHARACTER*8 XPUNCH
CHARACTER*8 XRANGE
CHARACTER*8 XRHS
CHARACTER*8 XRMASK
CHARACTER*8 XRNGFILE
CHARACTER*8 XRNGPRNT
CHARACTER*8 XSAVEB
CHARACTER*8 XSOLFILE
CHARACTER*8 XSOLPRNT
CHARACTER*8 XSOLSTAT
CHARACTER*8 XTABCASE

REAL*8 XEPS
REAL*8  XFUNCT
REAL*8  XINTGOAL
REAL*8 XMAXVAR
REAL*8 XPARAM
REAL*8  XPENCOST
REAL*8  XPHI
REAL*8 XRSTOP
REAL*8 XSIF
REAL*8 XSSCALE
REAL*8 XTHETA
REAL*8  XTOLCHK
REAL*8 XTOLCHZR
REAL*8 XTOLCKRW
REAL*8 XTOLCLRT
REAL*8 XTOLDJ
REAL*8 XTOLERR
REAL*8 XTOLFSTM
REAL*8  XTOLINV
REAL*8 XTOLLMAX
REAL*8 XTOLPERT
REAL*8  XTOLPIV
REAL*8 XTOLREL
REAL*8 XTOLRMAX
REAL*8 XTOLRWRT
REAL*8 XTOLUREL
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REAL*8
REAL*8
REAL*8

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

XTOLV
XTOLZE
XZERO

XCHECKSW
X CLOCKSW
XCOMPERR
XCOMPSW
XCRASHSW
XCYCLESW
XDEGEND
XDEGMAX
XDEMAND
XDETAIL
XDOATTN
XDODELTM
XDOFEAS
XDOFREQL
XDONFS
XDOUNB
XDUAL
XEQUIL
XFEAS
XFREQINV
XFREQLOG
XFREQSAV
XFREQSUM
XINVERT
XITERNO
XJ
XLUDENSE
XLUFILL
XLUINV
XM
XMAJERR
XMAXITER
XMAXPASS
XMAXTIME
XMINERR
XNEGDJ
XNET
XNIF
XNOWT
XRUNMODE
XRYANOSB
XSCALESW
XSCRNSW
XSLPNZ
XTIMESAV
XTRACE
XTRAN
XUNIQUES
XUNBDNDX
XUSEFREE

END TYPE CR

INTERFACE

subroutine getwer (icrloc)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: getwcr
IDEC$ATTRIBUTES REFERENCE :: icrloc

integer*4 icrloc

end subroutine
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INTEGER*4 FUNCTION WFINIT ( TITLE, TBUF, LEN)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFINIT
IDEC$ATTRIBUTES REFERENCE :: TITLE, TBUF, LEN
CHARACTER*8 TITLE

real*8 TBUF(*)

INTEGER*4 LEN

END FUNCTION

INTEGER*4 FUNCTION WFDEF ( MODEL, LEN, MODLNAME )
IDEC$SATTRIBUTES STDCALL, REFERENCE :: WFDEF
IDEC$SATTRIBUTES REFERENCE :: MODEL, LEN, MODLNAME
REAL*8 MODEL(*)

INTEGER*4 LEN

CHARACTER*8 MODLNAME

END FUNCTION

INTEGER*4 FUNCTION WFSET ( MODEL )
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFSET
IDEC$SATTRIBUTES REFERENCE :: MODEL

REAL*8 MODEL(*)

END FUNCTION

INTEGER*4 FUNCTION WFMPSIN ( ACTFILE, ACTPROB, FILENAME, &
DECKANME, PRNTSW, REVISE)

IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFMPSIN

IDEC$ATTRIBUTES REFERENCE :: ACTFILE, ACTPROB, FILENAME

IDEC$ATTRIBUTES REFERENCE :: DECKANME, PRNTSW, REVISE

CHARACTER*8 ACTFILE

CHARACTER*8 ACTPROB

CHARACTER*8 FILENAME

CHARACTER*8 DECKANME

INTEGER*4 PRNTSW

INTEGER*4 REVISE

END FUNCTION

INTEGER*4 FUNCTION WFMPSOU ( ACTFILE, ACTPROB, FILENAME, &
DECKANME, ONECOEF)

IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFMPSOU
IDEC$ATTRIBUTES REFERENCE :: ACTFILE, ACTPROB, FILENAME
IDEC$ATTRIBUTES REFERENCE :: DECKANME, ONECOEF
CHARACTER*8 ACTHLE

CHARACTER*8 ACTPROB

CHARACTER*8 FILENAME

CHARACTER*8 DECKANME

INTEGER*4 ONECOEF

END FUNCTION

INTEGER*4 FUNCTION WFLOAD ( ACTFILE, ACTPROB))
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFLOAD
IDEC$ATTRIBUTES REFERENCE :: ACTFILE, ACTPROB
CHARACTER*8 ACTHILE

CHARACTER*8 ACTPROB

END FUNCTION

INTEGER*4 FUNCTION WFOPT ()
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFOPT
END FUNCTION

INTEGER*4 FUNCTION WFEND ()
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFEND
END FUNCTION
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INTEGER*4 FUNCTION WFCVAL ( COLNAME, ROWNAME, VALUE)
IDECSATTRIBUTES STDCALL, REFERENCE :: WFCVAL
IDEC$ATTRIBUTES REFERENCE :: COLNAME, ROWNAME, VALUE
character*8 COLNAME

character*8 ROWNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION WFCRHS ( ROWNAME, VALUE)
IDEC$SATTRIBUTES STDCALL, REFERENCE :: WFCRHS
IDEC$ATTRIBUTES REFERENCE :: ROWNAME, VALUE
character*8 ROWNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION WFCRNG ( ROWNAME, VALUE)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFCRNG

IDEC$ATTRIBUTES REFERENCE :: ROWNAME, VALUE

CHARACTER*8 ROWNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION WFCBND ( COLNAME, LOBOUND, UPBOUND )
IDEC$SATTRIBUTES STDCALL, REFERENCE :: WFCBND
IDEC$ATTRIBUTES REFERENCE :: COLNAME, LOBOUND, UPBOUND
character*8 COLNAME

REAL*8 LOBOUND

REAL*8 UPBOUND

END FUNCTION

INTEGER*4 FUNCTION WFRVAL ( COLNAME, ROWNAME, VALUE)
IDECSATTRIBUTES STDCALL, REFERENCE :: WFRVAL
IDEC$ATTRIBUTES REFERENCE :: COLNAME, ROWNAME, VALUE
character*8 COLNAME

character*8 ROWNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION WFRRHS ( ROWNAME, VALUE)
IDEC$SATTRIBUTES STDCALL, REFERENCE :: WFRRHS
IDEC$ATTRIBUTES REFERENCE :: ROWNAME, VALUE
character*8 ROWNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION WFRRNG ( ROWNAME, VALUE)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFRRNG

IDEC$ATTRIBUTES REFERENCE :: ROWNAME, VALUE

CHARACTER*8 ROWNAME

REAL*8 VALUE

END FUNCTION

INTEGER*4 FUNCTION WFRBND ( COLNAME, LOBOUND, UPBOUND )
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFRBND
IDEC$ATTRIBUTES REFERENCE :: COLNAME, LOBOUND, UPBOUND
character*8 COLNAME

REAL*8 LOBOUND

REAL*8 UPBOUND

END FUNCTION

INTEGER*4 FUNCTION WFRLVAL ( COLNAME, START, INDEX, VALUE, COUNT)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFRLVAL
IDEC$ATTRIBUTES REFERENCE :: COLNAME, START, INDEX, VALUE, COUNT
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INTEGER*4 COLNAME
INTEGER*4 START
INTEGER*4 INDEX (*)
REAL*8 VALUE(*)
INTEGER*4 COUNT
END FUNCTION

INTEGER*4 FUNCTION WFRNAME ( INDEX, NAME )
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFRNAME
IDEC$ATTRIBUTES REFERENCE :: INDEX, NAME
INTEGER*4 INDEX

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION WFCNAME ( INDEX, NAME)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFCNAME
IDEC$ATTRIBUTES REFERENCE :: INDEX, NAME
INTEGER*4 INDEX

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION WFRMASK ( MASK, NAME)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFRMASK
IDEC$ATTRIBUTES REFERENCE :: MASK, NAME
CHARACTER*8 MASK

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION WFCMASK ( MASK, NAME)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFCMASK
IDEC$ATTRIBUTES REFERENCE :: MASK, NAME
CHARACTER*8 MASK

CHARACTER*8 NAME

END FUNCTION

INTEGER*4 FUNCTION WFSROW ( NAME, SELECT, STAT, SOLVAL)
IDEC$SATTRIBUTES STDCALL, REFERENCE :: WFSROW
IDECSATTRIBUTES REFERENCE :: NAME, SELECT, STAT, SOLVAL
CHARACTER*8 NAME

CHARACTER*8 SELECT

character*2 STAT

REAL*8 SOLVAL(2)

END FUNCTION

INTEGER*4 FUNCTION WFSCOL ( NAME, SELECT, STAT, SOLVAL )
IDECSATTRIBUTES STDCALL, REFERENCE :: WFSCOL
IDEC$ATTRIBUTES REFERENCE :: NAME, SELECT, STAT, SOLVAL
CHARACTER*8 NAME

CHARACTER*8 SELECT

character*2 STAT

REAL*8 SOLVAL(2)

END FUNCTION

INTEGER*4 FUNCTION WFRROW ( NAME, SELECT, STAT, SOLVAL)
IDEC$SATTRIBUTES STDCALL, REFERENCE :: WFRROW
IDEC$ATTRIBUTES REFERENCE :: NAME, SELECT, STAT, SOLVAL
INTEGER*4 NAME

CHARACTER*8 SELECT

character*2 STAT

REAL*8 SOLVAL

END FUNCTION

INTEGER*4 FUNCTION WFRCOL ( NAME, SELECT, STAT, SOLVAL )
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IDEC$SATTRIBUTES STDCALL, REFERENCE :: WFRCOL
IDEC$SATTRIBUTES REFERENCE :: NAME, SELECT, STAT, SOLVAL
INTEGER*4 NAME

CHARACTER*8 SELECT

character*2 STAT

REAL*8 SOLVAL

END FUNCTION

INTEGER*4 FUNCTION WFRLIST ( LIST, COUNT )
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFRLIST
IDEC$ATTRIBUTES REFERENCE :: LIST, COUNT
CHARACTER*8 LIST

INTEGER*4 COUNT

END FUNCTION

INTEGER*4 FUNCTION WFCLIST ( LIST, COUNT)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFCLIST
IDEC$ATTRIBUTES REFERENCE :: LIST, COUNT
CHARACTER*8 LIST

INTEGER*4 COUNT

END FUNCTION

INTEGER*4 FUNCTION WFSPRT ( ACTIVE)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFSPRT
IDEC$ATTRIBUTES REFERENCE :: ACTIVE
INTEGER*4 ACTIVE

END FUNCTION

INTEGER*4 FUNCTION WFSFILE ( FILENAME, ACTIVE)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFSFILE
IDEC$ATTRIBUTES REFERENCE :: FILENAME, ACTIVE
CHARACTER*8 FILENAME

INTEGER*4 ACTIVE

END FUNCTION

INTEGER*4 FUNCTION WFRCORD ( ACTFILE, ACTPROB, CASENAME, ACTIVE)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFRCORD

IDEC$ATTRIBUTES REFERENCE :: ACTFILE, ACTPROB, CASENAME, ACTIVE
CHARACTER*8 ACTFILE

CHARACTER*8 ACTPROB

CHARACTER*8 CASENAME

INTEGER*4 ACTIVE

END FUNCTION

INTEGER*4 FUNCTION WFRPRT ()
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFRPRT
END FUNCTION

INTEGER*4 FUNCTION WFRFILE ( FILENAME)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFRFILE
IDEC$ATTRIBUTES REFERENCE :: FILENAME
CHARACTER*8 FILENAME(*)

END FUNCTION

INTEGER*4 FUNCTION WFSAVEB ( FILENAME)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFSAVEB
IDEC$ATTRIBUTES REFERENCE :: FILENAME
CHARACTER*8 FILENAME(*)

END FUNCTION

INTEGER*4 FUNCTION WFLOADB ( FILENAME)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFLOADB
IDEC$ATTRIBUTES REFERENCE :: FILENAME
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CHARACTER*8 FILENAME(*)
END FUNCTION

INTEGER*4 FUNCTION WFPUNCH ( FILENAME, DECKANME )
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFPUNCH
IDEC$ATTRIBUTES REFERENCE :: FILENAME, DECKANME
CHARACTER*8 FILENAME

CHARACTER*8 DECKANME

END FUNCTION

INTEGER*4 FUNCTION WFINSRT ( FILENAME, DECKANME )
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFINSRT
IDEC$ATTRIBUTES REFERENCE :: FILENAME, DECKANME
CHARACTER*8 FILENAME

CHARACTER*8 DECKANME

END FUNCTION

INTEGER*4 FUNCTION WFMGDMP ( MODEL, WMGNAME, KEEPFAC)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFMGDMP
IDEC$SATTRIBUTES REFERENCE :: MODEL, WMGNAME, KEEPFAC
REAL*8 MODEL(*)

CHARACTER*8 WMGNAME

INTEGER*4 KEEPFAC

END FUNCTION

INTEGER*4 FUNCTION WFMGLOD ( MODEL, WMGNAME, MODLNAME )
IDEC$SATTRIBUTES STDCALL, REFERENCE :: WFMGLOD
IDEC$SATTRIBUTES REFERENCE :: MODEL, WMGNAME, MODLNAME
REAL*8 MODEL(*)

CHARACTER*8 WMGNAME

CHARACTER*8 MODLNAME

END FUNCTION

INTEGER*4 FUNCTION WFCRGET ( NAME, VALUE, VLEN, ALEN)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFCRGET
IDEC$ATTRIBUTES REFERENCE :: NAME, VALUE, VLEN, ALEN
CHARACTER*8 NAME

INTEGER*4 VALUE

INTEGER*4 VLEN

INTEGER*4 ALEN

END FUNCTION

INTEGER*4 FUNCTION WFCRPUT (COMMAND,NAME,VALUE,STRING,VERBOSE)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFCRPUT

IDEC$ATTRIBUTES REFERENCE :: COMMAND,NAME,VALUE,STRING,VERBOSE
CHARACTER*8 COMMAND

CHARACTER*8 NAME

INTEGER*4 VALUE

INTEGER*4 STRING

INTEGER*4 VERBOSE

END FUNCTION

INTEGER*4 FUNCTION WFALLOC ( MODEL, LEN )
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFALLOC
IDEC$ATTRIBUTES REFERENCE :: MODEL, LEN
REAL*8 MODEL (*)

INTEGER*4 LEN

END FUNCTION

SUBROUTINE WFFREE (MODEL, LEN )
IDEC$SATTRIBUTES STDCALL, REFERENCE :: WFFREE
IDEC$SATTRIBUTES REFERENCE :: MODEL, LEN
REAL*8 MODEL(*)
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INTEGER*4 LEN
END SUBROUTINE

INTEGER*4 FUNCTION WFRDCR ( CRFILE)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFRDCR
IDEC$ATTRIBUTES REFERENCE :: CRFILE
CHARACTER*8 CRFILE

END FUNCTION

INTEGER*4 FUNCTION WFWRCR ( CRFILE)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFWRCR
IDEC$ATTRIBUTES REFERENCE :: CRFILE
CHARACTER*8 CRFILE

END FUNCTION

SUBROUTINE WFSY SPR (FMT)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: WFSY SPR
IDEC$ATTRIBUTES REFERENCE :: FMT

CHARACTER*8 FMT

END SUBROUTINE

subroutine PICK (CASEKEY, PICKRG, PICRTN, I)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: pick
integer* 2 casekey(*)

integer*4 pickrg(*)

integer*4 picrtn(*)

integer 4 i

END SUBROUTINE

subroutine FIND (CASEKEY, lval, SL, Jval, I)
IDEC$ATTRIBUTES STDCALL, REFERENCE :: find
integer* 2 casekey(*)

integer*4 d(*)

integer*4 i,ival,jval

END SUBROUTINE

END INTERFACE
integer icrloc

TYPE (CR) :: OML
POINTER (icrloc,OML)
common/wecr/icrloc

Energy Information Administration
NEM S Petroleum M arket M odel Documentation

Page G - 70



Appendix G-E: MRM Data Conversion

The current data used in the MRM (and ERM) were updated for the AEO2003 using the Jun2002 data
(referred to as ENSY S02Jun) provided by EnSys Co. Due to the differencesin data format (OMNI vs
OML) and naming conventions, the ENSY S02Jun data had to undergo convertion and new mapping data
tables had to be added to the MRM files prior to being used by the MRM.

The updated OMNI datafiles provided by ENSY S and used to update the mrm data tables are located in
the directory m:/ogs/pmm_prj/ensys/ensys02_Jun/data/ , and include:

R-GCB.DAT

R-INV.DAT

R-MPROC.DAT

R-NPROC1.DAT

R-NPROC2.DAT

R-PROCL.DAT

R-PROC2.DAT

The following provides a summary of the effort it took to convert the ENSY S02Jun OMNI data tables
(*.DAT) into OML RTB tables (to be read by the matrix generation code). A shareware c-compiler called
LCC-win32 was used. The omni2rth.c program is located in the directory m:/ogs/pmm_prj/ensys/
ensysD2_Jun/source/. The c-compiler ison aPC at EIA (E.H. May), in the directory c:\program files\lcc\

To compile on the PC,
1. put the omni2rtb.c file in the directory you want to run from:
c:\Documents and Settings\EM4\mydocs\c-test\

2. From the START menu, click on Programs, lcc-win32, lcc-win32.exe

3. From within the LCC program window, OPEN the omniZ2rtb.c file
located in the c-test directory.

4. If no changes are needed, click on the COMPILER menu and select
REBUILD ALL. Thiswill create an omni2rtb.exefilein anew
Icc directory within the c-test directory.

To execute on the PC,

1. go to the newly created Icc directory, put the Ensys *.DAT files
into this directory, and open a DOS window (Command Prompt).
In this window, move to the ...c-test/Icc/ directory and type
omni2rtb <input file path/name> <output file path/name>

ie., omni2rtb R-GCB.DAT gcb.out
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Note: prior to the AEO2003 effort, the following methodol ogy was used from the RS6000 using a c-
compiler on that platform.
1. The code to convert the OMNI tablesto RTB tablesis called omni2rtb.c and can be found in directory
m:/ogs/pmm_prj/ensys/ensys01-feb/source0l/ (on the EIA NT server).
2. Tocompile and execute the omni2rtb type:
compile: cc -0 <exec filename> <source code filename>
execute: <exec filename> <input data path/filename> <output filename>
For example, if dl files are in the same directory:
CC -0 omniexec omni2rtb.c
omniexec v0.ensrymeq.gdb omniout
3. Technology database development since 1994, according to ENSY S:

+ Implementation of weight balancing on every process vector

+ Implementation of rigorous sulfur balancing on every process vector (down to the ppm level)

+ Conversion of the technology database to spreadsheet basis (Excel)

+ Implementation of model compositing system. This current task is directed to RY M-type
regional/prototypical refinery fuels/regulatory studies and takes advantage of the fact that, in any
one case, crude dateis essentially fixed. This enables a much smaller matrix to be generated, with
yields and qualities crude date dependent, from the un-composited model tables. Resulting model
matrix has far fewer prototypical streams, less susceptibility to over-optimization (and attendant
criticism), more manageable when ratio controls are used. (The task to develop this systemis
proving to be arigorous diagnostic on model structure, non-composited and composited, and as
such is helping eliminate any errors.)

The following list of *.dat and tables were updated using the new ensys02Jun data:

DISTBLND.DAT
T:DCC
T:DCB
GASOBLND.DAT
T:GCB
T:GCC
T:MCO
T:REGBV
T:LOGBV
T:PRMBV
T:PRCBV
T:UNLBV
T:UNCBV
T:RFMBV
T:RGBBV
T:RGCBV
MCHPROC.DAT
T:CAXREP,T:CAXCAP,T:C4XPOL,T:C4XUTI
T:ETXREP,T:ETXCAP, T:ETXPOL,T:ETXUTI
T:FUXREP, T:FUXCAP, T:FUXPOL,T:FUXUTI
T:IOXREP,T:IOXCAP,T:IOXPOL,T:IOXUTI
T:OLXREP, T:OLXCAP,T:OLXPOL,T:OLXUTI
T:SMDREP, T:SMDCAP,T:SMDPOL,T:SMDUTI
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T:SODREP,T:SODCAP,T:SODPOL,T:SODUTI
RECIPES.DAT
T:RCP
REFPROC.DAT
T:MATBAL
T:SCL
T:(uns)
T:INVGEN
T:INVUNT
STREAM.DAT
T:TRS
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Appendix G-F: Refinery Processes

Refinery Process Abbreviation
Atmospheric crude distillation ACU
Alkylation ALK
Atmospheric Residuum Desulfurization ARD****
Aromatic recovery ARP

C2E to C4E dimerization C24*
Butane isomerization C4l
Butane splitter C4S+*
Alkylation feed butene isomerizer CAT*
Butane isomerization CAX***
Catalytic Distillation Technology CDT
Cogeneration unit CGN**
Cogeneration unit, merchant CGX**
Polymerization CPL

Coal to Liquids process CTX,CTZ
Cyclar CcYC
Distillate desulfurizer DDS

Gas oil dewaxer DEW
Dimersol DIM
Etherol ETH, ETM
Cryogenic C2 fractionation ETS*
Etherol unit ETX***
Fluid cat cracker FCC

FCC feed hydrofiner FDS
Mid-distillate furfura treating FEX

FCC gasoline fractionation units FGS

Fuel plant FUM**
Fuel plant FUX***
Hydrogeneration normal pentenes’hexenes H56*
H2-stream reformer H2P
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Refinery Process Abbreviation
H2-partial oxidizer H2X

Low Conversion Hydrocracking HCL****
Hydrocracker (partial) HCM (old MAK)
Naphta hydrocracker HCN

Gas oil hydrocraker HCR
Hydrocracker (GasQil)- advanced technology HCU
Residum hydrocracker HCV
Hydrodesulfurizer 1 HD1****
Hydrodesulfurizer 2 HD2, HS2****
High density jet fuel hydrotreating HDN
Hydogen/fuel gas reformer hydrogen HLO**
Hydogen Purification HPM
Iso-octane unit converted from MTBE 10T
Iso-octane unit converted from MTBE, merchant 10X

High density jet fuel prefactionation JFP

Recut for JTA JPSH*
Delayed-coker KRD
Fluid/flexi-coker KRF
Power generation KWG**
Lub and wax LUB
Olefin Saturation Process (MOH fr Ensys) MDH****
Catalytic Fluidized Bed MOD****
Naphta hydrotreater NDS
OCTGAIN Catalytic Hydroprocessor OCT
C2-C5 dehydrogenation OLE*
C2-C5 dehydrogenation OLX***
Produced Fuel Adjustment PFA**
Pentane/hexane isomerization PHI

Prism Pressure Swing Absorption- H, Purification PSA
Hydrodesulfurization (S-Zorb) for diesel PSz
Residuum desulfurizer RDS
Refinery Loss REL**
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Refinery Process Abbreviation
LP continuous reformer RFC
HP semi-regenerative reformer RFH
LP cyclic reformer RFL

RST
Solvent deasphalting SDA
Shell Middle Distillate SMD
Syntroleum GTL Process SOD
Caustic SOx Scrubber SOX****
Naphta splitter SPL
Steam generation, Ibs/hr STG**
Sulfur, short tons/day SUL
Sulphco Selective Oxydation SUP
Mid-distillate deep hydrotreater SYD
Thermal cracker C2-C4 feed TCG*
Thermal cracker naphta feed TCN*
Thermal cracker gas oil feed TCV*
Total recycle isomerization TRI*
Visbreaker/thermal craker VBR
Vaccum distillation VCU

* 1 Processes involved in reformul ated gasoline manufacturing

**: Utilities and pseudo-units

***: Processes represented in OXY -Refineries
***+%: Not made available for AEO2001-- new, not ready for production
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APPENDIX H
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APPENDIX H. Historical Data Processing

H.1 Processing Data for PMM History File

Data Dump Programs:

1) PSA Query: In Access open c\OGIRS3.6\modify ogirs2. Click on get PSADATA. Thisrunsa
guery and produces tblStacey. To add or delete elements in the query change thlParkListStacey
and rerun. Open PSADATA.XLS in Excell save as space delimited text file (PSA00.PRN). In
FTP/TCP download ASCII file to mainframe to be read by SASfiles. (May need to save as card
on mainframe.)

Thelast version of OGIRS was missing some of the elements of refinery production:
nfrppl-p5(naphtha feedstocks), otrppl-p5 (other oils for feedstock), msrppl-us(miscellaneous
products for nonfuel use), pfrp-us(total petrochemical feedstocks).

2) PRJ6007.NEMS.MARKUP.PRICE.HISTFILE: reads markup and tax files and creates afile of
historical end-use prices.

Input files: PRJ6007.NEMSMARKUP.SASDB
PRJI6007.NEMS.TAX.SASDB
Output file: PRJ6007.PRICES.HIST.SASDB: PBTU0001

3) PRJ6007.NEMS.READ.SEDS: reads flat-file of SEDS sectoral consumption data, converts to
thousand barrels per day, estimates “ other” consumption, and outputs to a SASDB.

Input files: PRJ6007.SEDS99A.DATA provided by EMEU (Roy Stanley)
PRJ6007.SEDS99B.DATA
PRJ6007.NEMS.MARKUP.SASDB

Output file: PRJ6007.HISTORY .SASDB:SEDS.

4) Manually update PRIJ6007.FUELUSED from fuel consumption datain Table 47. of the PSA.
Natural gas and coal consumption have been published only every 2 years. The table will be

published every year starting in 2000.

5) Update PFPRICES.XLS to estimate petrochemical feedstock prices (see SEPER APPENDIX).
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6)

7)

8)

p naphtha= 1.23* WOP and other = 1.607 * WOP, uses 1999 prices weighted by 1999 & 2000
volumes to estimate average pf price from PSA.

Manually update PRI6007.EL CG.FLATFILE.DATA(MSPRICE) using estimates from
PFPRICES.XLS.

Crude oil Wellhead Production and Prices are provided by the OGSM modeling team and are
added to the history file during STEO data processing (see Section H.2).

Updated cogeneration data provided by the EMM modeling team and added during STEO data
processing (Section H.2).

Data Processing Files:

1)

2)

3)

PRJ6007.PMM.PROCESS.PSADATA - loads PRJ6007.PSA00.PRN which is created from a
query of OGIRS(See PSA Query). Thedatais transposed, manipulated, and put datainto
SASDB.

Input files: PRJ6007.PSA00.PRN
Outpuit file: PRJ6007.PMM.HISTORY .DATA.SASDB:PSDATA

PRJ6007.PMM.PROCESS.RFFUEL - reads refinery fuel consumption data and outputs to
SASDB.

Input files: PRJ6007.FUELUSED manually updated
and PRJ6007.PMM.MISCELL.SASDB:BTU1

Output file: PRJ6007.PMM.MISCELL.HIST.SASDB:RFFUELCD inBTU's
PRJ6007.PMM.PROCESS.PRCDATA - reads prices and petrochemical prices, transposes for
regional headings and putsin SASDB. Data set "testl" must be updated for current year for CD4

and CD8. Addsa 2 cents per gallon (nominal) local gasoline tax.

Input files: PRJ6007.PRICES.HIST.SASDB:PBTU0001
PRJ6007.ELCG.FLATFILE.DATA(MSPRICE)

Output file: PRJ6007.PRICES.HIST.SASDB:PRDPRIC
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4)

5)

6)

PRJ6007.PMM.PROCESS.WPRCDATA - reads wholesale prices transposes for regional
headings and putsin SASDB. Data set "test1" must be updated for current year for CD4 and CD8.

Input files: PRJ6007.PRICES.HIST.SASDB:PBTU0001

Output file: PRJ6007.PRICES.HIST.SASDB:WPRDPRIC
PRJ6007.PMM.PROCESS.DEMAND - reads sectoral demand from SEDS, estimates most recent
2 year's sectoral demand by using current PSA total demand times the sector ratios. Typein PSA
total product supplied number from Table 3.

Input files: PRJ6007.HISTORY .SASDB:SEDS

Output File: PRJ6007.PRODTN.HIST.SASDB:DEMAND

PRJ6007.PMM.PROCESS.MISCELL - includes data for miscellaneous inputs, to be manually
updated each year. See ETHBLND.XLS for ethanol blending (RFETHMGS).

Output file: PRJ6007.PMM.MISCELL.SASDB:MISCELL

Creating PMM Flat-file:

1)

**

PRJ6007.PMM.MAKES3.HIST.FLATFILE - reads SASDBs and STEO estimates and outputs
them to aflat-file. Must run STEO programsin Appendix H.2 to update STEO benchmarking.

Input files: PRJ6007.PMM.HISTORY .DATA.SASDB:PSDATA
PRJ6007.MISCELL.HIST.SASDB:RFFUELCD
PRJ6007.PRODTN.HIST.SASDB:CRDOGSM (updated manually later)
PRJ6007.PRODTN.HIST.SASDB:DEMAND
PRJ6007.PRICES.HIST.SASDB:CRDPRIC (updated manually later)
PRJ6007.PMM.HISTORY .DATA.SASDB:COGEN (updated later)
PRJ6007.PRICES.HIST.SASDB:PRDPRIC
PRJ6007.PMM.MISCELL.SASDB:MISCELL
PRJ6007.NEMSSTEO.COMP.BASE

Output file: PRJ6007.RFHIST6

Irecl=120

The crude oil and cogeneration information is usually updated later via cut and paste.
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Cogeneration Data Processing:

Historical cogeneration datais derived from the EIA-860B, Annual Nonutility Power Producer Report. The
datais obtained from an Access query by Alan Beamon of the Electricity Market Modeling team. The data
is provided in the form of an Excell spreadsheet 1999.XL S which contains refinery cogeneration capacity,
generation, fuel consumption, and sales to grid data as well as planned new capacity by census division.
The spreadsheet is saved as formatted text (space delimited). The .PRN text file cog99c.prnisthen
transported to the EIA mainframe computer and read by the SAS program & PRJ6007.PMM.HIST.COGEN.
The program combines the most recent years data with old data, manipulates it into the format needed by
the LP and outputs to & PRJ6007.PMM.HISTORY .DATA.SASDB:COGENQ001. Note: cogeneration
capacity by PADD from the last historical year is multiplied by 24(hours) for input into the PMM file
COGENER.DAT.

H.2 Processing Data for STEO Years

The Short-Term Energy Outlook (STEO) published by the Energy Information Administration provides
quarterly projections 2 years into the future. Since the STEO is ElIA's official forecast during this period,
the Petroleum Market Model was set up to produce numbers that very closely match the STEO when a
switch in the PMM isturned on. The information in this section describes the programs that are used to
generate this data for the PMM. The datais then added to the input file that contains the history data
described in Section H.1.

The files below are on mainframe account PRJ6007, unless otherwise stated. Input data are read from and
output data are written to

&PRJ6007.NEM SSTEO.COMP.BASE.SASDB
unless otherwise indicated. Files 1 and 2 only need to be updated once a year when new historical price and
supply data are available. The other files can be updated with data from any STEO projection. Note that
some files produce output for other files, so the order of execution isimportant. For example, program 6
inputs data from programs 3 and 5.

1. NEMSHIST.PRICESMARGINS

Thisfile creates adatafile “RETMARG” which contains historical product prices, crude prices, and
margins.

Intput files: many from PRI6007.NEMSMARKUP.SASDB
many from PRJ6007.NEMS.TAX.SASDB
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many from PRJ6007.A.SASDB
Output file: RETMARG to PRI6007.A.SASDB
2. NEMSSTEO.HISTMARG

Thisfile calculates differentials that are used to estimate regional prices from U.S. average STEO prices.
Differentials are also calculated from crude oil prices for those fuels that STEO does not price.

Input file: RETMARG from PRJ6007.A.SASDB

Output filess.  RCSPRD88
CDSPRD88
RFSPRD88

3. NEMSSTEO.HISTFACT

Thisfile calculates factors from petroleum supply data which are used to apportion U.S. datato the PADD
level.

Input file: PSDATA from PRJ6007.PMM.HISTORY .DATA.SASDB
Output file: SUPPFACT
4. NEMSSTEO.PRICE.DATA

STEO prices (taken from STEO report, Table 4) and conversion factors (NEMS FTAB Table 20) are typed
into this program and the differentials from file 1 are input, then regional PMM product prices are estimated.

Input files: CDSPRD88 from PRJ6007.NEM SSTEO.COMP.BASE.SASDB
RCSPRD88
RFSPRD88
GDP87CH from PRJ6007.NEM S MARKUP.SASDB
Output files:  PRICES
RRACS87
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5. NEMSSTEO.READ.STEODB.OTHINP

This program reads in data obtained from the STEO database (latest, Oct2002) and updates data obtained
from PSA Table 3. Output data are used later for input STEO processing. STEO data (Table H2-1) are
obtained using the STEO online query, located at http://tonto.ela.doe.gov/steo_query/app/papage.htm. From
PSA table 3, the datain row "Oth Hydrocarbons/Oxy" (listed under "Other Liquids® for Crude Qil), in
column "Imports" is used to update the oxygenate data in the program.

Input files: PRJ6007.NEMSSTEO.INPUT.OTHINP.TXT
(see Table H.2-1)
Output files:  CAPUTIL (STEO capacity and utilization rates)
OTHIMP (imports of unfinished ails, ethers, and gasoline blending
components)
OTHINPUT (other input data)

6. NEMSSTEO.SUPPLY.PUBDATA

In thisfile, supply data are typed in from the STEO publication (latest, Oct2002 table 5), and from the PSA
2001 (Table 3). Some data calculations are needed for the STEO data and the PSA data (explained in code).

Input files: SUPPFACT from PRJI6007.NEM SSTEO.COMP.BASE.SASDB
OTHIMP
CAPUTIL
Output files.  USSUP
CRUDEINP
CRDPROD
PADSUP

7. NEMSSTEO.READ.STEODB.PRODSUP
This program reads in data obtained from the STEO database (latest, Oct2002) and the SASDB data from

USSUP (below). Product supplied data are developed for the PMM. STEO data (Table H2-2) are obtained
using the STEO online query, located at http://tonto.eia.doe.gov/steo_query/app/papage.htm.

Input files: PRJ6007.NEMSSTEO.INPUT.PRODSUP.TXT
(see Table H.2-2)
USSUP from PRJ6007.NEMS.STEO.COMP.BASE.SASDB
Output files:.  PRODSUP
PRODSECT
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TableH1. MainframeFile: & PRJI6007.NEMSSTEO.INPUT.OTHINP.TXT

C Datel Dat e DAYSMO ORCAPUS ORUTCUS OHRI PUS MBFPPUS MGFPPUS UONI PUS MBNI PUS PPRI PUS LGRI PUS EOTCPUS
c

@ Jan-01 200101 31 16. 5684 0.9017 0.2509 -0.2640 0.3440 0.4014 0.2658 0.1486 0.2720 0.1345
@ Feb-01 200102 28 16. 5684 0.9053 0.3130 -0.1210 0.1865 0.3953 0.2987 0.1539 0.2656 0.1205
@ Mar-01 200103 31 16. 6204 0.8939 0.3520 -0.2890 0.3507 0.3794 0.3015 0.1664 0.2120 0.1162
@ Apr-01 200104 30 16.6078 0.9494 0.3096 -0.3030 0.3624 0.3346 0.3272 0.1896 0.2087 0.1001
@ May-01 200105 31 16.6178 0.9639 0.3394 -0.1960 0.2605 0.3779 0.3348 0.1810 0.2187 0.1020
@ Jun-01 200106 30 16.6272 0.9561 0.3484 -0.2100 0.2500 0.3820 0.3706 0.1941 0.1990 0.0777
@ Jul-01 200107 31 16. 6622 0.9385 0.3227 -0.2130 0.3091 0.4334 0.2426 0.2004 0.1962 0.1335
@ Aug-01 200108 31 16. 6622 0.9328 0.3294 -0.2450 0.2969 0.3991 0.3091 0.1911 0.1888 0.0912
@ Sep-01 200109 30 16. 5100 0.9225 0.3142 -0.1960 0.2674 0.4275 0.3196 0.2088 0.2280 0.1095
@ Cct-01 200110 31 16. 5100 0.9204 0.2991 -0.1930 0.2868 0.3300 0.2568 0.2012 0.2583 0.1424
@ Nov-01 200111 30 16.5123 0.9224 0.3275 -0.1750 0.2384 0.3724 0.2815 0.2115 0.3119 0.1179
@ Dec-01 200112 31 16. 5123 0.9023 0.2955 -0.2520 0.3103 0.3107 0.2336 0.2046 0.3342 0.1161
@ Jan-02 200201 31 16.8138 0.8743 0.3260 -0.2030 0.2282 0.4210 0.2617 0.1810 0.3220 0.1211
@ Feb-02 200202 28 16.7854 0.8644 0.2780 -0.2300 0.3044 0.3640 0.2763 0.1870 0.2760 0.1240
@ Mar-02 200203 31 16.7854 0.8747 0.2984 -0.1720 0.2390 0.4236 0.2680 0.1693 0.2176 0.1062
@ Apr-02 200204 30 16. 7866 0.9127 0.3550 -0.2130 0.2870 0.4330 0.2920 0.1760 0.1937 0.1132
@ May-02 200205 31 16. 7866 0.9206 0.3770 -0.3510 0.4350 0.4900 0.3774 0.2077 0.1863 0.1248
@ Jun-02 200206 30 16. 7866 0.9321 0.3160 -0.2460 0.3180 0.3450 0.3832 0.1800 0.1718 0.1169
@ Jul-02 200207 31 16. 7866 0.9259 0.3420 -0.2400 0.3100 0.3530 0.2871 0.1780 0.1885 0.1186
@ Aug-02 200208 31 16. 7866 0.9308 0.3345 -0.2370 0.3072 0.3683 0.2960 0.1807 0.1868 0.1208
@ Sep-02 200209 30 16. 7866 0.9276 0.3277 -0.2348 0.3089 0.3657 0.2794 0.1859 0.2378 0.1248
@ Cct-02 200210 31 16. 7866 0.9006 0.3264 -0.2124 0.3008 0.3345 0.2861 0.1831 0.2872 0.1319
@ Nov-02 200211 30 16. 7866 0.9097 0.3451 -0.2249 0.3000 0.3480 0.2597 0.1838 0.3452 0.1315
@ Dec-02 200212 31 16. 7866 0.9084 0.3304 -0.2617 0.3442 0.3452 0.2617 0.1742 0.3484 0.1336
@ Jan-03 200301 31 16. 7866 0.8864 0.3212 -0.2554 0.3346 0.3612 0.3447 0.1754 0.3317 0.1352
@ Feb-03 200302 28 16. 7866 0.8932 0.3464 -0.2324 0.3055 0.3334 0.3221 0.1744 0.2915 0.1319
@ Mar-03 200303 31 16. 7866 0.9044 0.3066 -0.2356 0.3102 0.3146 0.3064 0.1713 0.2322 0.1325
@ Apr-03 200304 30 16. 7866 0.9398 0.3251 -0.2619 0.3355 0.3392 0.3292 0.1667 0.2033 0.1289
@ May-03 200305 31 16. 7866 0.9573 0.3448 -0.2562 0.3306 0.3402 0.3031 0.1735 0.2015 0.1290
@ Jun-03 200306 30 16. 7866 0.9604 0.3159 -0.2763 0.3424 0.3506 0.2970 0.1784 0.1961 0.1253
@ Jul-03 200307 31 16.7866 0.9613 0.3399 -0.2638 0.3451 0.3530 0.2698 0.1736 0.1934 0.1262
@ Aug-03 200308 31 16. 7866 0.9589 0.3429 -0.2701 0.3430 0.3530 0.2839 0.1772 0.1927 0.1284
@ Sep-03 200309 30 16. 7866 0.9496 0.3303 -0.2632 0.3416 0.3618 0.2837 0.1822 0.2421 0.1327
@ Cct-03 200310 31 16. 7866 0.9187 0.3250 -0.2423 0.3348 0.3322 0.3026 0.1797 0.2902 0.1399
@ Nov-03 200311 30 16. 7866 0.9260 0.3529 -0.2552 0.3344 0.3592 0.2825 0.1807 0.3481 0.1396
@ Dec-03 200312 31 16. 7866 0.9259 0.3383 -0.2921 0.3788 0.3565 0.2875 0.1714 0.3512 0.1417
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TableH2. MainframeFile: & PRJ6007.NEM SSTEO.INPUT.PRODSUP.TXT

C Datel Dat e DAYSMO MGTCPUSX JFTCPUS DFTCPUS RFTCPUS LGICPUS FETCPUS ARTCPUS KSTCPUS PCTCPUS SGICPUS
Cc

@ Jan-01 200101 31 8.0992 1.7417 4.3254 1.0753 2.2462 0.6930 0.2684 0.1168 0.3534 0.6664
@ Feb-01 200102 28 8.2335 1.7529 4.2125 0.9005 2.0812 0.5999 0.2703 0.0835 0.3111 0.6567
@ Mar-01 200103 31 8.5321 1.6853 4.1432 0.8601 2.1053 0.6383 0.3147 0.1203 0.4582 0.6423
@ Apr-01 200104 30 8.5751 1.6883 3.8337 0.9272 2.0533 0.6160 0.4415 0.0613 0.4213 0.6986
@ WMay-01 200105 31 8.7059 1.7199 3.7462 0.8331 1.7089 0.5458 0.5745 0.0431 0.4375 0.7029
@ Jun-01 200106 30 8.6898 1.7497 3.6588 0.8674 1.8151 0.4960 0.7379 0.0556 0.4852 0.7046
@ Jul-01 200107 31 9.0230 1.7656 3.5692 0.8724 1.9199 0.5107 0.7405 0.0558 0.4893 0.6955
@ Aug-01 200108 31 8.9533 1.7177 3.8291 0.8046 1.9556 0.5525 0.7965 0.0820 0.4172 0.6825
@ Sep-01 200109 30 8.5573 1.5271 3.6240 0.6214 2.0953 0.4986 0.6602 0.0397 0.4530 0.6682
@ Cct-01 200110 31 8.6547 1.5691 3.8881 0.7356 2.1746 0.6002 0.6788 0.0230 0.4254 0.6433
@ Nov-01 200111 30 8.6768 1.4434 3.7459 0.6758 2.1681 0.5262 0.4835 0.0851 0.4780 0.6370
@ Dec-01 200112 31 8.5851 1.5066 3.6040 0.5645 2.2103 0.5532 0.2439 0.1015 0.5056 0.6378
@ Jan-02 200201 31 8.1700 1.5890 3.9180 0.6440 2.4040 0.5510 0.2830 0.0669 0.4820 0.6220
@ Feb-02 200202 28 8.6450 1.5330 3.7010 0.6280 2.5670 0.5320 0.3090 0.0744 0.4660 0.6220
@ Mar-02 200203 31 8.6546 1.5615 3.7414 0.7642 2.3351 0.5672 0.3539 0.0507 0.4489 0.6360
@ Apr-02 200204 30 8.7430 1.6580 3.8010 0.6920 1.9000 0.4860 0.4857 0.0156 0.4686 0.7120
@ May-02 200205 31 9.0708 1.5269 3.6713 0.6667 1.9933 0.6600 0.5782 0.0347 0.4376 0.6863
@ Jun-02 200206 30 8.9300 1.6116 3.6561 0.6159 1.9563 0.6070 0.7402 0.0261 0.4480 0.7161
@ Jul -02 200207 31 9.0236 1.6402 3.4966 0.6562 1.9920 0.6340 O0.7647 0.0280 0.4542 0.7104
@ Aug-02 200208 31 9.0304 1.6512 3.6148 0.7763 2.0395 0.6137 0.7973 0.0548 0.4512 0.6902
@ Sep-02 200209 30 8.7268 1.6302 3.7086 0.6103 2.0876 0.5978 0.7282 0.0535 0.4525 0.6693
@ Cct-02 200210 31 8.7909 1.6616 3.8482 0.6627 2.1961 0.5972 0.6732 0.0582 0.4471 0.6368
@ Nov-02 200211 30 8.7119 1.6905 3.8041 0.6731 2.2727 0.5983 0.4524 0.0918 0.4482 0.6289
@ Dec-02 200212 31 8.8919 1.7487 3.9821 0.8833 2.4428 0.6075 0.2716 0.1204 0.4554 0.6421
@ Jan-03 200301 31 8.3531 1.7470 4.1180 0.9290 2.5573 0.6160 0.2434 0.1193 0.4482 0.6239
@ Feb-03 200302 28 8.6407 1.7435 4.0942 1.0027 2.4227 0.6186 0.2791 0.1074 0.4406 0.6311
@ Mar-03 200303 31 8.8194 1.6974 3.9999 0.7323 2.1943 0.6348 0.3330 0.0814 0.4548 0.6414
@ Apr-03 200304 30 8.9426 1.6876 3.8263 0.7077 2.0775 0.6416 0.4621 0.0656 0.4396 0.6799
@ May-03 200305 31 9.0494 1.6866 3.6137 0.6132 1.9643 0.6347 0.5904 0.0506 0.4518 0.7016
@ Jun-03 200306 30 9.2413 1.7138 3.7272 0.7004 1.9864 0.6228 0.7450 0.0496 0.4683 0.7175
@ Jul -03 200307 31 9.3090 1.7261 3.5209 0.8483 2.0411 0.6518 0.7723 0.0497 0.4510 0.7208
@ Aug-03 200308 31 9.3142 1.7710 3.6886 0.8170 2.0815 0.6394 0.8110 0.0625 0.4638 0.7095
@ Sep-03 200309 30 8.9828 1.7397 3.7778 0.6633 2.1257 0.6365 0.7416 0.0617 0.4539 0.6928
@ Cct-03 200310 31 9.0258 1.7771 3.9152 0.7013 2.2739 0.6322 0.6865 0.0672 0.4582 0.6462
@ Nov-03 200311 30 8.9393 1.7763 3.8699 0.6892 2.3522 0.6278 0.4658 0.1011 0.4591 0.6361
@ Dec-03 200312 31 9.1187 1.8280 4.0480 0.9000 2.5216 0.6442 0.2849 0.1296 0.4664 0.6490

Energy Information Administration
NEM S Petroleum M ar ket M odel Documentation PageH -8



8. NEMSSTEO.READ.STEODB.REFPROD

This program reads in data obtained from the STEO database (latest, Oct2002) and the SASDB data from
SUPPFACT (below). Refinery production numbers are devel oped. STEO data (Table H2-3) are obtained
using the STEO online query, located at http://tonto.eia.doe.gov/steo_query/app/papage.htm.

Input files: PRJ6007.NEM SSTEO.INPUT.REFPROD.TXT
(see Table H.2-3)
SUPPFACT from PRIJ6007.NEM S.STEO.COMP.BASE.SASDB
Output: REFPROD

9. NEMSSTEO.RFFUEL

This program estimates refinery fuel consumption based on historical values and STEO crude input
estimates.

Input: CRUDEINP from PRIJ6007.NEM SSTEO.COMP.BASE.SASDB
RFFUELCD from PRJI6007.FUELUSE.HIST.SASDB
Output: FUELUSE

10. NEMSSTEO.WELLPR.D091002

Thisfile estimates regional crude wellhead prices based on wellhead price equations in the PMM (provided
by the Oil and Gas Supply Team) and STEO's world ail price projections.

Input: GDP87CH from PRI6007.NEMSMARKUP.SASDB
flatfile PRJ6007.WELLPR.D091002
flatfile PRJ6007.WELLPROD.D091002

Outpuit: WELLREG
CRDPROD
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11. NEMSSTEO.INPUT.DSTCAP.DSTADD

Thisfile updates historical and STEO year digtillation capacity and additions using PSA 2001 and 2000
data (Table 36, Total MMbbl/CD). NOTE: This routine may replace output files HCAP and HADD, so use
different output filenames when testing.

Input:

Output:

ADDHCAP
ADDHADD
STEOCAP
STEOADD
HCAP
HADD
ELCGCAP
ELCGADD

12. NEMSSTEO.ALLDATA

from datainput cards
from datainput cards
from datainput cards
from datainput cards
to PRI6007.PMM.HISTORY .DATA.SASDB

This program readsin all the relevant data created by the previous programs, drops the last historical year,*
and writes out the data needed to input into the PMM history file.

Input:
PADSUP
REFPRD
USSUP
OTHINPUT
PRODSUP
PRODSECT
FUELUSE
PRICES
WELLREG
CRDPROD

Output:
SPADSUP
SREFPRD
SUSSUP
SOTHINP
SPRODSUP
SPRDSECT
SFUELUSE
SPRICES
SWELLREG
SCRDPROD

“The last historical year was included to provide a check that the estimates for the forecast years were reasonable.
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13. PMM.MAKE3.HIST.FLATFILE

This program reads in the output data from the 12 DB files above and produces afile containing PMM
output data for the history and STEO years. (NOTE: had to manually update datafor RFETH*** for 2000,
2001, 2002 datain RFHIST6 file—saved into RFHIST6.mod.)

Output: flatfile to PRI6007.RFHIST6
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H.3 Processing Other Historical Data

In addition to developing an input history file (described in Appendix H-1), the PMM team utilizes other
historical datato develop some inputs and to support analysis of the model results. This section describes
the updating of these data, which is usually done on an annua basis.

Crude Oil Price Data

ElIA-14: Crude oil prices are used to calculate historical margins which are used to anayze the margins
estimated in the model. The series used is the refiner acquisition cost (RAC) of imported crude oil which
comes from Form EIA-14. The domestic and composite series are al'so maintained but the imported RAC is
the series used in the margin calculations (Contact Elizabeth Scott 202-586-1258). Program needs updating
to read afour digit year variable.

The file to update the crude prices each year is:
PRJ6007.EIA14.READ.FROZEN where yy represents the year

Input files: PRJ6105.ANNUAL.FROZEN.Dyymm where yymm represents year and month
Use command (SL & 6105prj.) Because the files are on the old system.
Output files:  (al located in PRJ6007.A.SASDB)
YMCRyy monthly prices for year yy
QTCRyy quarterly prices for year yy
Y RCRyy annual pricesfor year yy
YMCRUDE monthly prices from 1974 through year yy
QTCRUDE  quarterly prices from 1978 through year yy
YRCRUDE  annua prices from 1978 through year yy

A new file must be created each year, changing the yy=s of the previous year to the current year.

EIA-856: The EIA-856 survey data were used in the past for analyzing results from the PMM. The EIA-
856 collects prices by crude stream for imported crude ocil. Differentials between these prices and the world
ail price (the refiner acquisition cost of imported oil from the EIA-14) can be calculated and compared with
model results. The crude streams can also be segregated by PADD regions and the aggregate crude types
found inthe PMM. The primary file for reading the EIA-856 data and performing various calculationsis

PRJ6007.EIA856.READ95.PORT  (Missing)
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Petroleum Product Price Data

Data on petroleum product pricesis obtained from the EIA-782 surveys. The EIA-782A survey contains
only refiner data, the EIA-782B survey includes petroleum marketers. Prices are produced monthly and
updated for an annual publication. One file reads the monthly data, and a second file is set up to read the
numbers from the annual data. The file names are as follows:

PRJ6007.A.IMPO0.ADF reads monthly data for 2000 (used for AEO dueto
timeliness)
PRJ6007.A.IMP99.ADF reads final monthly data for 1999

Each year the program from the previous years data should be rerun using the final, RLSE3, data. The
program should be modified to read the preiminary,RLSE2, data from the most recent year, run again, and
resaved with a new name.

Input files: PRJ6015.E782P.R.DATA.ADF.D1999mm.RLSE3 (for fina annual
update of the monthly data, where mm represent months)
PRJ6015.E782P.R.DATA.ADF.D2000mm.RLSE2 (for monthly data
where mm represents months)

Output files: IMPQOOA contains refiner data only
IMPOOB contains refiner and marketer data combined
(these files are found in PRJ6007.A.SASDB.STATE.AByyyy, where yyyy
represents two consecutive years (i.e., two years of data are placed in one
SASDB, then anew SASDB is created for the next two years, and so on.))

Historical Pricesand Margins

Historical wholesale and end-use prices from the EIA-782 are aggregated and presented in tabular form by
product type and Census division. The end-use transportation prices include State and Federal taxes but for
jet fuel and LPGs the State taxes are not included prior to 1995.

Differentials with the world oil price (the refiner acquisition cost of imported oil from the EIA-14) are also
calculated by product type and Census division and presented in tabular form for analyzing similar margin
calculations from the PMM. The following program has been written to perform these calculations and
develop the tables. The marginsinclude the 2-cents-per-gallon local tax that is currently being added to
gasoline price projections.
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PRJ6007.NEM S.HIST.PRICES.MARGINS
Summary

Once the monthly prices from the EIA-782 are finalized for a particular year, set up and run the program
A.IMPyy.ADF for that year (yy istheyear). Set up and run the EIA14.READyy.FROZEN for that year.
Then set up and run NEMS.HIST.PRICES.MARGINS to get the price and margin tables. Update with the
annual data asit becomes available.
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Appendix I. Ethanol Supply Model

I.1 Model Purpose

The objective of the ethanol supply model isto provide the NEMS Petroleum Market Module (PMM) with
supply curves for corn and cellulose based ethanol, thus allowing the PMM to forecast transportation
ethanol demand throughout the NEM S forecast period. To be consistent with the market clearing
mechanism adopted for NEM S, the model provides ethanol pricesin the form of annual price-quantity
curves. The curves, derived from an ethanol production cost function, represent the prices of ethanol at
which associated quantities of transportation ethanol are expected to be available for production of E85
and ETBE, and for blending with gasoline.

The delivered ethanol prices are provided to the PMM linear program in the form of a unique supply curve
for each of the nine U.S. Census Divisions. The majority of ethanol currently produced in the United
States is made from corn and is produced in the East North Central Census Division (NEMS region 3), and
the West North Central Census Division (NEMSregion 4). Smaller amounts are available in the East
South Atlantic (NEM S region 6), the Mountain (NEM S region 8), and the Pacific (NEM S region 9)
Census Divisions. The PMM aso models planned cellulose based ethanol production beginning in 2003
in the Middle Atlantic (NEMS region 2) and West South Central (NEM S region 7) Census Divisions. The
majority of growth in cellulose ethanol production, however, is forecasted for Census Divisions 3 and 4,
where large quantities of corn stover (the most likely biomass feedstock) are available, and in Census
Division 9, where ethanol demand is expected to grow in response to the Californiaban on MTBE in
reformulated gasoline.

.2 Corn-Based Ethanol

Fundamental Assumptions

The corn-based ethanol model uses a process costing approach to model the impacts of net feedstock
production costs plus the capital, operating, and process energy costs associated with converting the corn
feedstocks to ethanol. In other words, each of the above factors contributes a part of the total price of
ethanol.
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To determine the delivered ethanol price, the contribution of the net cost of corn feedstock production must
be factored in to the total unit price of ethanol. Net cost of corn feedstock is the price of corn lessthe price
of the co-products produced in the conversion of corn to ethanol. Conversion of corn to ethanaol is
accomplished by either awet milling or dry milling process. The co-products produced from the wet
milling process are corn gluten feed (CGF), corn gluten meal (CGM), and corn ail, while the dry milling
process produces distillers dried grains (DDGS). Coproduct credits for wet mills and dry mills are
estimated from ethanol industry financial data. The price of corn is projected from Analysis of Ethanol
Production Under a Renewable Fuels Requirement, Office of Energy Policy and New Uses, Department
of Agriculture, September 1, 2000. This paper estimates the effect on agricultural markets of arenewable
fuels requirement for gasoline, starting at 1.3 percent and rising to 3.3 percent by volume in 2010. The
Department of Agriculture constructed a baseline agricultural market forecast and an aternative forecast
under the renewable fuels standard. Corn pricesin 2000 dollars and quantity of corn input to ethanol
production areincluded in the forecasts. This gives two points of corn price as afunction of corn input to
ethanol production to which aline wasfitted. The USDA Agricultural Baseline Projectionsto 2011
(http://www.ers.usda.gov/publications/waob021/waobh20021.pdf) were incorporated to reflect changesin
the agricultural markets since September 2000. Price projections generated from the September 2000
analysis were decremented by the difference in baseline corn price between these two publications.

Wet milling accounts for about 50 percent of current ethanol production, while new ethanol facilities are
projected to be dry milling plants. Total production capacity is currently 156.7 MMbbl/day. Corn ethanol
production up to 81.8 Mbbl/day is assumed to come from existing wet mills. The next 74.9 Mbbl/day is
assumed to come from dry mills. Another 30.1 Mbbl/day of dry mill capacity will be available by January
1, 2004, thisisthe third quantity step of the supply curve. 1 The fourth step, to atotal of 370 Mbbl/day,
represents dry mills not yet constructed. The variability of the market price for the feedstock corn and the
conversion by-products and the variable influences of competitive uses for corn (e.g., for producing corn
syrup) giveriseto broad fluctuations in net corn feedstock prices. As ethanol production from corn
increases, land becomes scarcer, causing both land and feedstock coststo increase. These factors are
included in the Agriculture model. The Agriculture forecasts also include ethanol production from
sorghum. Sorghum ethanol output is an order of magnitude smaller than corn ethanol output and so is not
modeled in PMM. The Agriculture projections end in 2010, so net feedstock prices for 2011 to 2025 were
set equal to the 2010 estimates. The net feedstock costs were then converted to 1987 dollars by applying a
GDP deflator of 1.379.

In addition to feedstock prices and quantities, the model requires capital cost, feedstock conversion cost
(non-energy operating cost), and energy cost data. The cost data were derived from several sources which
are documented in the Inventory of Variables, Data, and Parameters section of this report. Note that with
this theoretical approach, only the agricultural, or feedstock production costs are modeled as a function of
the total quantity of ethanol produced. The conversion plant process costs, (capital, operating, and process

1 Renewable Fuels Association, “Ethanol Industry Outlook 2002” (http://mww.ethanol rfa.org/outlook2002.html)
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energy) are independent of production quantities. The feedstock production cost components are estimated
statistically, whereas the conversion process costs are determined from engineering concepts and data.
Actual ethanol conversion process data are, for the most part, proprietary.

Capital and conversion costs were assumed to be constant across all Census Divisions and for all forecast
years. Energy costs vary across Census Divisions as a function of fuel price. The model assumes that
existing wet mills consume 51,000 Btu of thermal energy, 20 percent natura gas and 80 percent coal, per
galon of output. Existing dry mills consume 39,400 Btu of thermal energy, 50 percent natural gas and 50
percent coal, and 1.1 kwh of electricity per gallon of output. New dry mills consume 39,400 Btu of
thermal energy, 100 percent natural gas, and 1.1 kwh of electricity per gallon of output. Dry mill thermal
efficiency is projected to improve over the forecast period, to 35,000 Btu per gallon output by 2020.
Natural gas prices are obtained from the NEM S Natural Gas Transmission and Distribution model, and
coal prices are fromthe NEMS Coa Market Model.  The supply/price curvesin Census Divisions 3, 4,
and 8 also include credits of $0.14, $0.08, and $0.18 per gallon, respectively. These credits are weighted
averages of producer incentives and State tax credits offered by various States within these Census
Divisions. The ethanol blender's Federal excisetax credit, which is currently $0.052 per gallon of gasohol
(20 percent ethanal, 90 percent gasoline), is modeled separately in the PMM.

Key Computations and Equations

Corn ethanol costs net of energy and subsidies are calculated in a separate spreadsheet

(NEM Scornsupplycurve.xls, maintained by Tony Radich of EIA). These costs are tabulated as a function
of ethanol production quantity in the PMM input file WETOHIN. Thisfile aso contains natural gas, coal,
and electricity use as afunction of ethanol production quantity. Once the data are read, the ethanol priceis
calculated from the following equation:

PETOHq;e =( FCie + CAPCST + OPCST)

+ PENg - STSUB (1-1)
where:
PETOHqte = Delivered price of ethanol produced in Census Division cd in year t for
volume step e ($/gal),
FCie = Feedstock corn production cost in year t for volume step e ($/gdl),

CAPCST Capital cost for conversion technology ($/gal), assumed to be zero for

existing plants

Energy Information Administration
NEM S Petroleum Market M odel Documentation Pagel -3



OPCST = Operating costs, exclusive of energy ($/gdl),

PENq = Cost of energy used in the corn-to-ethanol conversion processin Census
Division cd in year t ($MMBtu),

STUBy = State incentive for ethanol production in Census Division cd ($/gal).

The cost of energy on thefirst step of the supply curve iscalculated assuming the plants on that step are
wet mills (consuming 20 percent natural gas and 80 percent coal). The cost of energy on the second step is
calculated assuming the plants on that step are dry mills (consuming 50 percent natural gas and 50 percent
coal). The cost of energy for the last two steps of the supply curve is calculated assuming al new facilities
will be dry mill, consuming 100 percent natural gas. The price of energy in each caseis calculated as
follows:

PENg: = (QNG* PNGINg;) + (QCL* PCLINgg)+ (QEL* PELIN,)
(1-2)

where:

PNGINgg; = Industrial price of natural gas for Census Division cd in year t
($MMBtu),

PCLINgg = Industrial price of coal for Census Division cd in year t ($MMBtu).
PELIN; = Industrial price of electricity for Census Division cd in year t ($MMBtu).
ONG = Quantity of natural gas, MMBtu/gal
QCL = Quantity of coa, MMBtu/gal
QEL = Quantity of eectricity, MMBtu/gal
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Inventory of Variables, Data, and Parameters

MODEL INPUT: CAPCST

DEFINITION: Capital cost for conversion technology for crop | in year t.

The current valueis $0.17 per gallon (1987 $). Costs arethe samefor all years. Located in the WETOHIN
input datafile.

SOURCE: Bryan and Bryan International.

MODEL INPUT: OPCST

DEFINITION: Operating costs, exclusive of energy, for conversion technology of corn.

Vaueis $0.261/gallon for wet millsand $0.215/gallon for dry mills (1987 $) for 2000 thru 2025. Located in
the WETOHIN input datafile.

SOURCE: USDA's 1998 Ethanol Cost-of-Production Survey, Agricultural Economic Report Number
808

MODEL INPUT: PCLIN

DEFINITION: Priceof coal for industrial use in Census Division cd in year t.
Located in the Price common block, (MPBLK).
SOURCE: Generated by the Coal Market Modédl.

MODEL INPUT: PNGIN

DEFINITION: Priceof natural gas for industrial use in Census Division cd in year t.
Located in the Price common block, (MPBLK).
SOURCE: Generated by the Natural Gas Transmission and Distribution Model.

MODEL INPUT: PELIN
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DEFINITION: Price of electricity for industrial use in Census Division cd in year t.
Located in the Price common block, (MPBLK).
SOURCE: Generated by the Electricity Market Model.

MODEL INPUT: QEN

DEFINITION: Quantity of energy needed to convert corn to ethanol in year t.

Values, in million Btu per galon, areasfollows. 0.050in 1990, 0.041in 2000, 0.037 in 2005, 0.035in 2020
and 2025. Thisdecreasing trend is based on the assumption that energy required decreaseslinearly over time.
Located in the WETOHIN input datafile.

SOURCE: Marland, G. and A.F. Turhollow. 1991. "CO, Emissions From the Production and
Combustion of Fuel Ethanol from Corn." Energy, 16(11/12):1307-1316.
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.3 Cellulose-Based Ethanol

Theoretical Approach

The cellulose ethanol model also uses a process costing approach to model the impacts of net feedstock
production costs plus the capital, operating, and process energy costs associated with converting the corn
feedstocks to ethanol. As with the corn model, each of the above factors contributes a part of the total price
of ethanol.

Biomass feedstock supply is not modeled in the Petroleum Market Model ethanol model. Biomass
price/quantity data are obtained from the Renewable Fuels Model of NEM S and are used as input to the
ethanol moddl. The Model Documentation: Renewable Fuels Module of the National Energy Modeling
System”, DOE/EIA-M069(2003) contains a complete description of the approach and assumptions used in
generating the biomass feedstock supply functions.

Briefly, the biomass use in NEMS is modeled as two distinct markets, the captive and non-captive biomass
markets. The captive market pertains to users with dedicated biomass supplies that obtain energy by
burning biomass byproducts resulting from the manufacturing process. The noncaptive market is defined
to include the commercial, transportation, and electric utility sectors, aswell as the resources marketed in
theindustrial sector. Thereis an additional noncaptive market serving residential uses of biomass.

EIA developed afairly smple model structure consisting of one supply schedule per region. This schedule
defines the quantity and cost relationships of biomass resources accessible by all noncaptive, non-
residential consumers. It isbased on an aggregation of supply/price information from U.S. Forest Service
and forest product experts. The wood portion of the cost-supply scheduleis static throughout the model
period. Energy crop cost-supply schedules are also devel oped and superimposed onto the wood total.

Fundamental Assumptions

A basic assumption for the biomass feedstock is that the supply price for noncaptive biomass energy is the
same across al sectors. Biomass feedstock costs are input from the NEM S Renewable Fuels Model at the
Census Division level. Biomass usage by the PMM ethanol model is fed back to the Renewable Fuels
Model.

An important modeling consideration for cellulose ethanol production is the imposition of a constraint on
the amount of ethanol production capacity assumed for the early years of the forecast. Ethanol from
celluloseisrelatively new technology and ethanol production from cellulose is currently at the
demonstration level. By assumption, commercial cellulose ethanol production beginsin 2010 in the
AEO2003 reference case. Commercia production is assumed to begin 5 years earlier in the AEO2003
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High Renewables side case. A constraint on cellulose ethanol production prevents unrealistically large
increases in production capacity from occurring suddenly in response to favorable market prices. Cellulose
ethanol production capacity is alowed to grow between 5 and 20 percent per year after 2010, depending
on region and technology assumptions.

In addition to feedstock prices and quantities input from the Renewable Fuels Model, the ethanol model
requires feedstock conversion and energy cost data, and capital and operating cost data. The conversion
and capital cost data were derived from the Oak Ridge National Laboratory Report Evolution of the Fuel
Ethanol Industry: Feedstock Availability and Price, Marie Walsh et.al., June, 1997 for year 2000 as
follows:

Capital Cost 0.398 $/gdl
Operating Cost 0.269 $/ga
Power Credit -0.090 $/gal
Transportation Cost 0.048 $/gal
Total Conversion Cost 0.625 $/gal

The AEO2003 reference case assumes that cellulose conversion technology will improve over time such
that full utilization of hemicellulose sugars, combined with modest reductionsin cellulase enzyme costs
will yield asavings of $0.18 per gallon over year 2000 cost by 20152 Conversion costs are constant in
all cases from 2015 to 2025. Ethanol production costs are assumed to be constant across the United States.
However, feedstock availability and price varies from Census Division to Census Division. The largest
growth in ethanol production is expected in Census Divisions 3 and 4 where Midwestern corn stover
would be desirable raw material because of its large volume, competitive price and proximity to current
ethanol production plants. The feedstocks available in Census Division 9 are forest residue and rice straw.
Feedstock conversion efficiency also improves over the forecast; yield increases from 85 gallons per tonin
2000 to 103 gallons per ton by 2015. Currently, most State producer and tax incentives (limited by
production volume) are at their maximum. Therefore, no State subsidies are assumed in the cellulose
ethanol supply/price curves. Aswith corn-based ethanol, the ethanol blender's Federal excise tax credit,
which is currently $0.053 per gallon of gasohol (10 percent ethanol, 90 percent gasoline), is modeled in the
PMM.

Key Computations and Equations

The main computations performed by the cellulose portion of the ethanol model involve the derivation of
an ethanol supply-price curve for each Census Division. The computations consist of three major steps:

1.  Reading in ethanol component cost data from the PMM input file WETOHIN.

’National Renewable Energy Laboratory 1999. Bioethanol Multi-Year Technical Plan.
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2. Obtaining biomass feedstock prices at the census division level from the Renewable Fuels Model.
3.  Derivation of delivered ethanol prices, calculated as a function of the biomass feedstock price and
the ethanol conversion costs.

Total Conversion Costs are calculated as follows;

TOTCONV=CAPCSTCL* CAPRSK+ OPCSTCL+PWCRDCL+ TRANSCL, (1-5)

where:

TOTCONV, = Total ethanol conversion cost for year t,

CAPCSTCL, = Capital cost for year t,

CAPRSK; = Risk premium required for new technology for year t

OPCSTCL; = Operating cost for year t,

PWRCDCL; = Power credit for co-products combusted and sold as power for year t

TRANSCL, = Transportation cost for year t

The ddivered ethanol price equation is as follows:

where:

PETOHqy

FCCd’y

PETOHc: = FCeyr + TOTCONV, (1-6)

Delivered price of cellulose ethanol in Census Division cd in year t

Biomass feedstock cost for Census Division cd in year t.
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Inventory of Variables, Data, and Parameters

MODEL INPUT: CAPCSTCL

DEFINITION: Capital cost for conversion technology for cellulose ethanal.
Located in the WETOHIN input datafile.

SOURCE: Marie Walsh et. al., Evolution of the Fuel Ethanol Industry: Feedstock Availability and
Price. Oak Ridge National Laboratory, June 1997.

MODEL INPUT: CAPRX

DEFINITION: Risk premium that investors require to invest in new technology.
Located in PMM FORTRAN source file refeth.f. Assumed to be zero for AEO2003.

MODEL INPUT: OPCSTCL

DEFINITION: Operating cost for conversion technology for cellulose ethanol.
Located in the WETOHIN input datafile.

SOURCE: Marie Walsh et. al., Evolution of the Fuel Ethanol Industry: Feedstock Availability and
Price. Oak Ridge National Laboratory, June 1997.

MODEL INPUT: PWRCDCL

DEFINITION: Power credit for co-products combusted and sold as power.
Located in the WETOHIN input datafile.

SOURCE: Marie Walsh et. al., Evolution of the Fuel Ethanol Industry: Feedstock Availability and
Price. Oak Ridge National Laboratory, June 1997.

MODEL INPUT: TRANSCL

DEFINITION: Transportation cost for cellulose ethanal.
Located in the WETOHIN input datafile.

MODEL INPUT: FC
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DEFINITION: Biomass feedstock cost for Census Division cd in year y.
Biomass feedstock costs are input from the Renewable Fuels Model under the variable PBMET.

SOURCE: National Energy Modeling System common block WRENEW.
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|.4 Ethanol Transportation Costs

The most comprehensive work regarding ethanol distribution infrastructure and costsis areport by
Downstream Alternatives, Inc. (DALI), Infrastructure Requirements for an Expanded Ethanol Industry,
June 2002, performed for the Department of Energy Office of Energy Efficiency and Renewable Energy.
This source was used to develop cost estimates for transporting ethanol between and within Census
Divisions (CD’s).

The DAI study estimates the infrastructure investment costs and the transportation costs that would likely
be incurred if ethanol demand reached 5.0 billion gallons per year (BGY) by 2012. The infrastructure
costs are incremental and represent additional expenditures from an established baseline leved of 1.5 BGY.
Transportation costs are the largest category of costs, far larger than the amortized costs of modifications to
petroleum terminals and retail stations for blends of 10 percent ethanol or less. Rail and water are the
modes of ethanol transport that are considered, as pipeline shipment is not currently considered a cost-
effective method of transport due to special handling requirements of ethanol.

The DAI study examines the costs and ethanol demand by PADD. The links needed for PMM, as shown
in Table 11, are based on Census Divisions for demands. There are some discrepancies between the PADD
and CD mapping in terms of states; however, for the purpose of ethanol transportation cost estimates
between the CD’s, the following table is not expected to introduce significant error to the modeling results.

Tablel1l. DAl Regionsand NEM S Regions

DAl Regions NEM S/PMM Regions
Code L ocations Code L ocations
1 PADD 1 1,2,5 CD’s1,2,and5
2 PADD 2 3,4 CD's3and 4
3 PADD 3 6,7 CD's6and 7
4 PADD 4 8 cD 8
5 PADD 5 9 CD9

Most ethanol is produced in either CD 3 or 4, and transported by rail, barge, ship, or truck. Ethanal
produced and consumed in the same CD is assumed to be shipped by truck at afreight cost of 4
centggallon. Starting with the baseline of existing ethanol sales from year 2000, the DAI study examines
the costs and ethanol demand for the years 2004, 2007, and 2012. The corresponding demandsin the
PMM model for each mode of transportation and the estimated freight costs are shown for these 3 yearsin
Tables 12, 13, and 14.
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The average cents per gallon in Tables 12 through 14 are provided on an amortized, cost per gallon of
ethanol basis. Costs for capital improvement are included in the PMM model but are not included in the
freight costs shown below. (Amortized capital improvement costs range from 0.52 cents per gallon to 0.87
cents per gallon, with a nationwide average of 0.66 cents per gallon)

Tablel2. 2004 New Ethanol Shipmentsand Freight Costs by Census Divisions

From To Mode of Amount of New Freight Costs
Transport Ethanol Shipped (mgy) | (cents/gallon)
CD3 CD1 Rail 44.8 9.0
CD3 CD1 Ship 25.1 11.0
CD3 CD2 Rail 160.5 8.0
CD3 CD2 Ship 89.9 11.0
CD3 CD3 Barge 103.2 4.0
CD3 CD5 Rail 44.7 8.0
CD3 CD5 Ship 25.0 11.0
CD4 CD3 Rail 52.0 4.0
CDh4 CD3 Truck 52.0 4.0
CDh4 CD4 Truck 103.3 4.0
CDh4 CD9 Rail 84.0 13.0
CD4 CD9 Ship 70.0 13.0

Sour ce: Based on data from Downstream Alternatives Inc., Transportation and Infrastructure Requirements for a
Renewable Fuels Sandard, (June 2002), and personal communication with author (Robert Reynolds, August 2002

Note: Costs shown reflect 2000 dollars.
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Table 3. 2007 New Ethanol Shipmentsand Freight Costs by Census Divisions

From To Mode of Amount of New Freight Costs
Transport Ethanol Shipped (mgy) | (cents/gallon)

CD 3 CD1 Rail 34.8 9.0

CD3 CD1 Ship 18.8 11.0

CD3 CD2 Rail 124.5 9.0

CD3 CD2 Ship 67.4 11.0

CD3 CD3 Truck 38.6 4.0

CD3 CD5 Rail 34.7 9.0

CD3 CD5 Ship 18.8 11.0

CD3 CD6 Barge 12.2 35

CD3 CD6 Rail 24.9 7.0

CD 4 CD3 Truck 38.6 4.0

CD 4 CD4 Truck 38.6 4.0

CD 4 CD6 Barge 4.1 35

CD 4 CD6 Rail 8.3 7.0

CD 4 CD7 Barge 43.7 35

CD 4 CD7 Rail 88.8 7.0

CD 4 CD9 Rail 195.0 13.0

CD 4 CD9 Ship 105.0 13.0

Sour ce: Based on data from Downstream Alternatives Inc., Transportation and Infrastructure Requirements for a

Renewable Fuels Sandard, (June 2002), and personal communication with author (Robert Reynolds, August 2002
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Tablel4. 2012 New Ethanol Shipmentsand Freight Costs by Census Divisions

From To Mode of Amount of New Freight Costs
Transport Ethanol Shipped (mgy) | (cents/gallon)
CD 3 CD1 Rail 71.8 9.0
CD 3 CD1 Ship 43.1 11.0
CD3 CD2 Rail 256.8 9.0
CD3 CD2 Ship 154.1 11.0
CD 3 CD3 Barge 16.8 4.0
CD3 CD3 Truck 146.3 4.0
CD3 CD3 Rail 10.0 4.0
CD3 CD5 Rail 715 9.0
CD3 CD5 Ship 429 11.0
CD3 CD6 Barge 20.6 35
CD3 CD6 Rail 114 7.0
CD3 CD9 Rail 25.0 14.0
CD 3 CD9 Ship 15.0 14.0
CD 4 CD1 Rail 17.9 11.0
CD 4 CD1 Ship 10.8 12.0
CD 4 CD2 Rail 64.2 11.0
CD 4 CD2 Ship 385 12.0
CD 4 CD3 Barge 33.6 4.0
CD 4 CD3 Rail 20.0 4.0
CD 4 CD3 Truck 36.6 4.0
CD 4 CD4 Truck 36.6 4.0
CD 4 CD5 Rail 17.9 11.0
CD4 CD5 Ship 10.7 12.0
CD 4 CD6 Barge 20.6 35
CD4 CD6 Rail 114 7.0
CD 4 CD7 Barge 110.1 35
CD4 CDh7 Rail 61.0 7.0
CD 4 CD 8 Rail 35.0 4.5
CD 4 CD9 Rail 225.0 13.0
CD 4 CD9 Ship 135.0 13.0

Sour ce: Based on data from Downstream Alternatives Inc., Transportation and Infrastructure Requirements for a

Renewable Fuels Sandard, (June 2002), and personal communication with author (Robert Reynolds, August 2002
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